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FOREWORD

This manual is one of a series of Apollo System

Engineering Manuals which are internal control documents

prepared for the purpose of providing a contemporary

source of quantitative design or allied data necessary

to design major components of the vehicle.

This manual designated ARM-10 contains fundamental

information on the reliability program for the Apollo

Spacecraft which is to be designed and constructed so

that the probability of successfully completing a mission

is 0.9638. Included in this concept of achievement is

the probability of 0.99958 that the crew will not be
exposed to conditions which exceed emergency limit's.

The first section of the ARM-10 manual contains

data pertaining to the Apollo Reliability Program in

general and specifically to each of the Apollo sub-

systems. A separate section provided for each of the

subsystems consists of reliability studies and the

related qualification test program plans.

• • o

B. H. Hershkowitz "'/" -
APOLLO

Reliability Engineering Manager
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SECTION I.O

APOLLO RELIABILITY CRITERIA

1.1 Introduction

1.2

1.2.1

The Apollo reliability program includes a procedure for assessment

and review of the reliability concept, effort and achievements,

throughout the design phase of the contract. Primary consideration

is given to: (1) safety and integrity of systems, subsystems, and

components; (2) conservative designs reflecting the maximum relia-

bility attainable, consistent with performance, weight, and cost
considerations; (3) early detection of actual and potential defi-

ciencies, system incompatibility, and trends or conditions that

could jeopardize flight or crew safety; and (4) elimination of un-

satisfactory conditions through a system of rapid corrective action.

A reliability system analysis is presented for each subsystem of the

spacecraft. Each analysis contains a subsystem reliability appor-

tionment and prediction with a table of component reliabilities,

system reliability logic diagrams, system reliability calculations

and failure effects analyses. As test data become available from the

integrated progrmm of tests, evaluations will be made to derive

reliability assessments for the subsystems and the spacecraft mission.

The Apollo test program and qualification test plan are described in
section 1. Individual qualification test plans and schedules are

included under the separate subsections for each subsystem.

_eliWoility Objectives

The reliability objectives for the complete mission, the safety of

the crew and some of the major hardware elements are specified by

NASA in terms of probability of success. Reliability objectives for

the remaining major elements have been defLned by NAA/S&ID and are

based upon an apportionment as described under Te_v.inolo_-, sub-
section 1.4. The reliability values include the effects of the

ground complex, launch vehicle, navigation and guidance system and

the Apollo command, service and lunar excursion modules. Effects
excluded from the mission probability objectives are the considera-

tion of energetic particle radiation and meteoroid _z.pact.

NASA Objectives

The probability of accomplishing the Apollo objective shall be 0.90.
The probability that none of the crewmen shall have been subjected to

conditions greater than the emergency limits, discussed under Relia-

bility Design Criteria, subsection 1.3, shall be 0.999. _SA speci-

fied reliability objectives in addition to the above are given in
Table 1.1.



J

NORTH AMERICAN AVIATION, INC.

SPACE and INFOR_IATION SYSTEMS DIVISION

1_-,_./I 1 I ILJ_u w r-ul ,, 'n

VOLUME: ARM-IO

SECTION: ]_

PAGE "- ]-.

DATE: -,--te-15-63

REV, DATE:

a)

-p
o
(D

-p
r-I .rl

,-4 .,-t

0

(1)

r-t

0
or-_

(g

0 .rl

(g

.rl

43

o ._

o

F.

(:7- or, -,_ co
o,, (7., o', Lt_ ur_
or, o', (3", o', o_
o-, o', (7, o-, o_
(3", o', (3", o'_ o-,

o', _0
o', o', o_
o', o', u'_ ,,o
0", o_ o', o',

r_
M 0
(D -r-I

r-t ._

0

0

CS]

0

O]

0

o

o

o
bO

I1_ -rl

m 0

0 0

0 _
•,_ _ (_

0 o]
..--t

%

"0
(I)

,.0

,-I

o

o
o
(1)

"t/
o

(g

_.o

o

-PO',
0],-i

cQ

o

o2
o
o

t
P



/

NORTH AMERICAN AVIATION, INC.

SPACE and INFORNIATION SYSTE]_iS DIVISION

__#'_/'_ I_ I r m_ "-" ,",_,o_L-,C

-v_ w I l _lll ml ! • ii IL_

VOLUME: ARM-IO

S E CT lOt,_: 1

PAGE: 1.3

OATE: i_15-63

REV. DATE:

1.2.2

1.3

1.3.1

1.3.2

NAA/S&ID Objectives

The spacecraft is to be designed so that the probability of success-

fully completing a mission without failure that would preclude mis-

sion success is 0.9638. Furthermore, the spacecraft design is to be

such that the probability of the crew not being exposed to environ-
ments or conditions which exceed the emergency limits is at least

0.99958. These and other NAA/S&ID objectives for major Apollo hard-

ware elements are presented in Table 1.1. The values given in Table

1.1 are further apportioned among the spacecraft subsystems as shown

in Table 1.2. The individual elements comprising each subsystem and

their reliability values are given in the subsystem sections 2 and

following.

Reliability Design Criteria

The ultimate objective of the crew safely completing the mission is

determined by the equipment which must be designed to accomplish the

varied mission operations. The equipment functions and the manner

in which they must be accomplished comprise the basic reliability

design criteria discussed below.

Mission Success (Lunar Orbital Rendezvous Mission, LOR)

The mission shall be considered successful if the following functions

are accomplished without incurring a failure that necessitates an
abort:

The spacecraft successfully reaches the vicinity of the moon and
enters lunar orbit.

The Lunar Excursion Module (I]_l) and its crew are deployed, land

on the moon, and a minimum exploration and stay time of two

hours is accomplished.

Assuming the LEM meets its requirements, the LE_I and spacecraft

rendezvous and the personnel are transferred to the spacecraft

without exposing the personnel to environments greater than the

emergency limits.

The spacecraft returns to earth and lands without exposing the

personnel to environments greater than the emergency limits.

Crew Safety

Crew safety shall be considered successful when the spacecraft per-

sonnel will not be exposed to environments exceeding the emergency

limits during the complete mission or that portion thereof plus the
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1.3.3

1.3 .A

1.h

l.h.l

abort operations, including earth landing. Safety of the crew pro-

visions are extended to include upon landing the spacecraft capability

to sustain the crew for one day _thin and for six days in the vici-

nity of the landing point.

Emergency Limits

Emergency limits are those environments or conditions beyond which

there is a high probability of permanent injury, death or incapacity

to such an extent that the crew could not performwell enough to sur-
vive.

Safe Abort

For design purposes it is to be considered that the mission will be

aborted if enough failures occur in operating systems or equipment so

that one additional failure would eliminate the capability of safe

abort. This consideration does not apply to non-operating systems

such as structures. The criteria may be modified in individual cases

if it is determined that an unacceptable tradeoff between mission

success and crew safety reliability would occur.

Terminology

The reliability and failure rate terms apportioned, predicted and
assessed are defined as follows:

Mission Success Reliability

Mission success reliability is the value expressing the probability of

successfully completing the mission functions described above under

Mission Success. The method utilized to obtain the value qualifies
the term as follows:

Apportioned - The allocation of the system reliability
requirement to subsystems and components in accordance with

their complexity and other factors by such methods that if

each component or subsystem meets its apportioned value the

required system reliability will be obtained.

Predicted - Predicted Mission Success Reliability is a computed

value derived from analysis of failure modes, redundancy and

other attributes expected to affect performance, and supported
by past experience with similar items, synthesis of detail part

failure rate data and other quantitative data.

Assessed - Assessed Mission Success Reliability is a computed

value derived from test data of the item. Integration of tests

performed on elements comprising the item and its development
models provides additional data which will be utilized to cbtain
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1.4.2

1.4.2.1

1.5

reliability assessments of the item prior to its test or use.
Table 1.1 values for Assessed Mission Success Reliability will be

provided as test data availability permits derivation of the
assessments.

Failure Rate

Failure Rate is the number of failures per unit time or per unit

cycle in a specified equipment. The failure rate is the reciprocal
of Mean Time Between Failure. The method utilized to obtain the

value qualifies the term as follows:

i. Apportioned - The Apportioned Failure Rate is apportioned in the
same manner as Mission Success Reliability is apportioned or is

computed from the Mission Success Reliability Apportioned value

by use of the equation:

R = e- t/m

where (e) is the base of the natural logarithms, approximately

2.71828
t is the t'L?e of interest (or cycles)
m is the Mean Time Between Failure. The failure rate is 1/m.

. Predicted - The Failure Rate obtained from data based upon past

experience with similar items and synthesis of detail part fail-
ure rate data.

3. Assessed - The Failure Rate derived from test data.

Crew SafetZ Reliability

To be furnished.

Failure Rate

To be furnished.

Mission Phase Time Line

The Lunar Orbital Rendezvous Mission has been separated into 59

phases as shown in Table 1.3. This separation is necessary because
some of the equipment is operated for only specific times during the

mission and the equipment required to perform functions during par-

ticular phases varies. The mission phases defined in Table 1.3 and
the time duration listed for each are utilized to obtain the failure

effects analyses and predicted component reliability and provide the

basis for the mathematical logic and equations for derivation of sub-

system predicted reliability values. The phase time in hours is the
maximum anticipated for the two week Lunar Orbital Rendezvous Mission.

,..-,-•......... ", Ct;:FID'-;:T:.',L-
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1.6

1.6.1

1.6.2

1.6.3

Mission Essential Equipment

The following is a list of the Apollo equipment items which are con-
strued to be mission essential and which, if they fail, will cause

the mission to be aborted. This list is given by individual sub-

systems. An equipment is considered as having failed after failure
of all redundancy (operational or standby) as well as all spares.

Examples of equipment to which the above criteria do not apply are the

launch escape system, the command module reaction control system, the

heat shield, the communication and data subsystem recovery equipment.

Navigation and Guidance Subsystem

Space Sextant
Scanning Telescope

Coupling Display Unit - Optics

Scanning Telescope Manual Drive (Handcrank)

Inertial Measuring Unit

Coupling Display Unit - Inertial Measuring Unit

Apollo Guidance Computer

Optical Hand Controller

Stabilization and Control Subsystem

Electronic Control Assembly - Roll

Electronic Control Assembly - Pitch, Yaw

Electronic Control Assembly - Thrust

Electronic Control Assembly - Thrust Vector

Stabilization and Control - Control Panel

Body Mounted Attitude Gyros

Rate Gyro Package

Minimum Impulser
Gimbal Position Indicator

Flight Director Attitude Indicator (Attitude error,

Delta Velocity On/Off

Delta Velocity Display

Delta Velocity Emergency Ullage
Translational Control
Three-Axis Rotational Control

Reaction Jet Drivers (5 out of 16 units)

Accelerometer Package

total attitude)

Communications and Data_ Instrumentation Subsystems

Unified S-Band Equipment

Premodulation Processor - Deep Space Voice

Audio Center - Receiver (2 out of 3 units)
Audio Center - Transmitter

VHF 2/_ Omni Antenna
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1.6.4

1.6.5

1.6.6

1.6.7

1.6.8

1.6.9

1.7

,LR-

The following criteria are applicable during near earth phases :

(1) 2 _4C High Gain Antenna; and the S-Band Power Amplifier.

(2) In Flight Test System and any one of the following:

FM Transmitter, Signal Conditioner, Pulse Code Modulation

Telemetry, Sensors, Central Timing Equipment (102_ KC Oscil-
lator).

(3) C-Band Transponder or the C-Band Antenna and any one of the

following: Central Timing Equipment (102A KC Oscillator),

Sensors, Signal Conditioner, Pulse Code Modulation Tele-

metry, FM Transmitter, Premodulation Processor-Near Earth

Data, Flight Director Rate Indicator (SCS).

Command Module Structures

Any puncture is an abort - greater than O.5 inch hole is crew safety
degradation.

Service Module Propulsion Subsystem (Launch to 4th Midcourse Correc-
tion)

Environmental Control Subsystem

Suit Circuit Compressors (1 out of 2 units)
Water Glycol Pumps (1 out of 2 units)

Water Separator Accumulators (1 out of 2 units)

Electrical Power Subsystem

Fuel Cells (2 out of 3 units)

Batteries (2 out of 3 units)

AC Buss (I out of 2 u_nits)

DC Buss (i out of 2 units)

Inverters (2 out of 3 units)

,Cryogenic Storage Subsystem

Circuits (I out of 4 units)

Service Module Reaction Control Subsystem

Quandrants (2 out of 4 units)

Mission Success Logic Diagrams

This section contains the logic diagrams that define the equipment

necessary for mission success. The diagrams are presented for the

various phases of the mission, as described previously under Mission

Phase Time Line. The diagrams show the equipments that must operate

successfully to preclude an abort up to lunar excursion module
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1.7.i

rendezvous and docking. From this time to earth landing, any
combinations of equipments which will allow successful return to
earth are considered sufficient for mission success and are so shown

on the diagrams. Blocks that appear in a continuous chain are

serial equipments; that is, each must operate properly in order to

successfully complete the mission. Equipments shown in parallel
are redundant to one another; i.e., either path may be followed for

successful mission completion. Where parallel equipments are
connected with arrowheads, the alternate component is either an

on-board spare or is in stand-by redundancy, which means it does

not operate until the primary component fails.

Logic Diagrams and Subsystem Operation

The first block diagram shown, Figure i.i, covers the time phase

of earth orbit. During this phase, it is required that all equip-

ment operate without failure or that a spare part be available to

replace a failed component; hence, all of the navigation and guidance,
stabilization and control, and telecommunications equipment that

operates during this phase is shown in series. Although this equip-

ment is not being utilized to perform the guidance and control function,

which is performed by S-IV equipment, these parts are operating, and
their failure would cause a mission abort. Spare parts carried on

board would replace the flight director attitude indicator, the delta

velocity indicator, the audio center or the VHF/AM transceiver, and
one of the three environmental control system units. Hence, in the

event of failure of only these modules, the module would be replaced

and the mission continued. The service module - service propulsion

system, service module - reaction control system, command module -

reaction control system, earth landing system, and command module -
forward heat shield are not shown in Phase I because they are in a

quiescent state. Redundancies are available for crew safety in the
environmental control system, electrical power system, and cryogenic

storage system; however, these redundancies cannot be considered for
mission success. Should one of the redundant crew safety components

fail in Phase I, the mission would be aborted. The service module

to command module separation mechanism is not called upon to operate
within Phase I and is left out of the structure.

Figure 1.2 indicates the equipment necessary during the translunar

phase. The most necessary function performed by the electronic

equipment during this phase is that of midcourse correction. The
first function is that of inertial measurement units alinement.

This is done by placing the spacecraft in the automatic control mode,

rotating the spacecraft to a position from which a stellar sighting

can be made, stabilizing the spacecraft in this position, and sighting
a star with the sextant. The spacecraft is then held in a stabilized

position while the inertial measurement unit is being automatically
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erected, utilizing the guidance and navigation equipment. Hence,

the navigational and control equipments, except the spare parts for
the electronic control assemblies and the three-axis rotational

control, are all shown in series for this function, since an abort
would be indicated in the event of a failure. The DSIF transponder

and audio center are also shown in series because they provide backup

for the navigational equipment. In the event of their failure, the

mission would be aborted, since no additional backup equipment would

be available. Spares are carried for the DSIF equipment and the

audio center. Further redundancy exists within the audio center, a

unit being provided for each crew member, any one of which can be

utilized for co_nunications. The 2]m_c high-gain antenna is the normal

mode of operation, but this equipment is backed up by the power

amplifier and the discone antenna. A spare power amplifier is also

provided. The service module - service propulsion system is fired

for midcourse correction and lunar orbit injection. Subsequent

time within Phase II is considered crew safety for this system

(Phase III diagram). All other systems, except service module -

reaction control system, must operate until lunar excursion module

ascent from the lunar surface to qualify for mission success. The

command module - reaction control system, earth landing system,

service module - command module separation mechanism, and command

module - fom_ard heat shield are still omitted. Ken though environ-

mental control system redundar_cies cannot be used during this phase,
the load is reduced to one-third after lunar excursion module

separation from command module. The service module - reacticn control

system has its most difficult task during l_uar excursion module

rendezvous and docking. Not only must attitude control be maintained,

but also translation in all directions must be available. More complete

definition of the docking method is required before relaxation of these
functions can be allowed. _ission success logic must then apply to

the service module reaction control system through lunar excursion

module docking. Helium regulators within the service module - service

propulsion system are not considered an abort item, because no means
is available for detecting a failed closed condition.

The third phase (Figure 1.3) covers a time period from lunar excursion

module rendezvous to entry. Since no aborts are possible during this

phase, all modes of operation which are possible for navigation and

guidance are considered adequate for mission success. This block dia-

gram does not show the primary modes of operation, which are identical

to those utilized in the translunar phase, but only shows the minimum

equipments necessary to successfully complete the mission.

The first function performed during this phase is the establishment of

an angular inertial reference, usLug either the inertial measurement

unit or the body-mounted attitude gyro. >_en the inertial measurement

unit is being utilized, the equipment shown in series with it is also

required. This includes the coupling display unit, a power and

II _._ m i i_i r_ ir.l I___ I •

A..IUIIn ml.r_,, , m, II..
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servo amplifier, and the Apollo guidance computer, if the body-

mounted attitude gyro is being used because of an inertial measurement

unit failure, it is also necessary to utilize the flight director

attitude indicator. During this alinement process, the automatic

stabilization system will normally be used, which includes the

electronic control assembly, stabilization and control system control

panel, three axis rotational control, and the rate g_o package. The

three axis rotational control is provided with a spare, as is the

electronic control assembly. In the event of a failure of the

electronic control assembly and its spare, the manual emergency

control is used.

The next function to be performed is the detemTLination of the required

AV for midcourse correction. This could be determined either through

the use of the guidance and navigation equipment, including the

inertial measurement unit, Apollo guidance computer, coupling display

unit, and power servo amplifier, or communication with earth through

the DSIF and GOSS equipment. Co_nunication with earth can be

achieved through the discone antenna, utilizing the power amplifier.

Also required for communication is one of the three audio centers, or

if these are failed, the key used in conjunction with the central

timing equipment is necessary, since timing data cannot be transmitted

via CW.

The next function, the rotation of the spacecraft prior to application

delta velocity, is achieved, using either the automatic or manual

stabilization and control equipment described for the inertial

measurement unit alinement phase. These equipments are also utilized

for stabilization of the spacecraft during the AV application.

The control of the AV application is normally through the use of the

inertial measurement unit, Apollo guidance computer, and associated

equipment. In the event of failure of this equipment, the AV's can

be manually applied, using the stabilization and control system

accelerometer package and the AV indicator. Two propulsion means

are available for this AV application: (1) fine control with aft

firing service module - reaction control engines and (2) course

control with the service module - service propulsion system. The

magnitude of correction by the service module - reaction control

system is limited to the availability of the propellants in tanks

and quadrants still working. The service module - service propulsion

system is the only means for transearth injection and is dependent,

in general, on the operation of single elements; i.e. chan_er,

injector, flexible piping, fuel tank, oxidizer tank, and helium

tanks. Many items can now be considered in full redundancy for crew

safety, because any means of safe return is acceptable. For exa_@le,

one main propellant valve set (oxidizer and fuel) can fail, either

open or closed, and another valve set will be available for functional

replacement. One quadrant of the service module - reaction control

-.-....... -,,. q'-'"' ' '-l II..t'LI; ; _..= -
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system can fail and the attitude control, propellant settling, and
separation functions will be retained. Translation in one direc-

tion will be lost, but the need for three-axis translation will be

past. Opposite quadrants must be retained for settling propellants

or separating con_nand module from service module, and one adjacent

quadrant must be available for pitch or yaw. The electrical power

system becomes entirely redundant; any one fuel cell out of three,

either d-c bus; any one inverter out of three, either a-c bus, and
any two batteries out of three. The command module and service module

structures are still required, but the anticipated margins of safety

and internal redundancies make this a highly reliable system.
Omitted from Phase III are the command module - reaction control

system, earth landing system, and command module - forward heat
shield.

The final phase is the entry phase (Figure 1.4). The basic mode of

operation for this phase utilizes the guidance equipment and the

automatic control electronics. A spare electronic control assembly

is carried. The first alternate mode of operation is through the use

of the entry corridor display. The spacecraft can be controlled

either through the use of the automatic equipment, including the

electronic control assembly and rate gsmo package, or in the event

of failure, through the use of the manual emergency controls. In
either case, the three-axis rotational control must be utilized. The

tertiary mode of operation is through the use of communication equip-
ment via the VHF/AM transceiver, utilizing the discone antenna and

GOSS. A spare VHF transceiver is provided. The C-band transponder

and antenna are required for spacecraft tracking. As shown in

previous diagrams, the audio center is also required. Jettisonning

of the service module deletes any trajectory correction until atmos-

phere reentry. Attitude control until drogue chute deplosm_ent is
provided by redundant halves of the command module-reaction control

system. Electrical power is provided by batteries alone, any two out
of three.

All elements of command module structure are required for this maneu-

ver of reentry, including the forward heat shield, a single, critical
element without redundancy. Earth landing system is redundant

internally; i.e., redundant circuits for aft heat shield release

mechanism, redundant bare-switches and circuits is the sequencer, a
redundant main parachute, and several recovery aids which are redundant

among themselves.

Test Program

The General Test Plan for Project Apollo spacecraft defines the

manner in which the testing will be accomplished to qualify the

spacecraft for manned flight. The test plan is comprised of a series

of time sequenced development tests emplos_d in testing each
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1.8.2

1.8.3

spacecraft subsystem. The interim objective of all testing is

qualification for manned earth-orbital flight; the ultimate objective

is qualification for safe manned lunar flight. Future issues of the

General Test Plan will present test program plans for the latter
objective.

The General Test Plan is presented in five quarterly revised volumes

of SID 62-109-1 through -5, entitled General Test Plan, Research and

Development for Project Apollo Spacecraft. Volume I of the General

Test Plan presents the test logic for the Apollo spacecraft and gives

a management-oriented summary. Volume II contains the test plans for

Apollo individual systems, such as reaction control subsystem. Volume

III describes the Apollo ground qualification test program, including

ground support equipment. Volume IV describes the acceptance criteria

for each level of Apollo equipment assembly. Volume V contains the

detailed test plans for the multiple systems tests, including ground
and flight tests.

Qualification Program

The Qualification Test Program provides the integrating medium

required to assure complete qualification of all subsystems by phase

as each step in the spacecraft program is completed. The ground

qualification test plan is completed by progressive assembly of the

separately qualified subsystems into an integrated Apollo spacecraft
system for the verification of the dimensional and functional sub-

system interfaces. This phase of the test plan referred to as

Integrated Systems Qualification will be defined in future issues of
the General Test Plan.

Qualification Program Scope

The ground qualification program provides an oDtimum compromise from

a statistically rigorous demonstration of all required design para-
meters to a reasonable program that can be done within development

constraints. The program consists of a logical combination of tests

designed to explore all potential weak points in every component and

then demonstrate the design margin relevant to these weak points both
in the enviror_.ental and time domains.

Program Logic

The environmental capabilities are explored and verified during the

Design Proof Phase of tests. These are conducted at the component

level and basically are designed to verify that the component is

capable of surviving the levels of a given environment. The Off-Limit

Test goes a step further and determines the design margin relative to

_'_
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the potential and or critical failure modes. The Mission Simulation

Life Tests are conducted at the subsystem level and are designed to

explore these parameters in the time domain. They are conducted under

natural combinations of enviromrents to be expected during a normal

space flight. The term normal is herein defined as that condition

wherein no critical malfunctions or combination of circtunstances

exists that might cause a malfunction and prejudice mission success

or crew survival. These tests provide data on the repeatability of

the design parameters with time and between like items and subsystems.

Qualification Tests

The _%dividual subsystem qualification test plans feature the variant

physical characteristics and unique mission requirements of each

subsystem. Each test plan has been desio_ned to verify subsystem

capability to perform within design specification requirements for a

sufficient length of time to fulfill mission operational requirements.

Another test plan objective is to demonstrate repeatability of

functional and quality characteristics.

Each test plan has been made optimum within the program constraints

as defined in SID 62-109-3, General Test Plan, Research and Develop-

ment, Ground Qualification Tests. Test-oriented reliability logic

diagrams, listings of system paraweters for qualification testing, and

qualification test schedules are delineated. Schedules are defined

within the limitations of information available.
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2.2

2.3

SECTION 2.0

STRUCTURAL and N_CHANICAL SUBSYSTEMS

Tmtroduction

A reliability summary In tabulated form (Table 2.1) is presented

for each of the mechanical subsystems. The analyses for the

mechanical subsystems contains a reliability apportionment and

prediction, and a table of component reliabilities. These analyses

are based upon failure mode and effects analysis and a comparison

of configuration analysis of the present subsystem and proposed
modifications.

As test data becomes available from the integrated test program,

evaluations will be made to derive mission success reliability

assessments for mechanical subsystems.

Separation Systems

All of the spacecraft separation systems are based on using redundant

initiators to ignite a pyrotechnic device that in turn fails a struc-

tural tie. The same type of initiator is used throughout and has a

predicted failure probability of O.001. When used redundantly, as

is the case in all Apollo applications, the probability of failure
decreases to O.OO0001.

Launch Escape Tower Separation System

The present configuration for separating the tower from the command

module, Figure 2.1 consists of four explosive bolts with a removable

cartridge on each bolt. Each cartridge is comprised of dual hot-

wire initiators and a main charge. The hot-wire initiator has an

electrical connector, bridgewire, primary explosive, and secondary

explosive. The cartridge can be removed and checked away from the
command module.

The predicted system reliability for successful operation of all four
bolts is 0.999996, which exceeds the apportioned reliability of

0.999995.

The predicted reliability is based on the assumption that all four

bolts must operate. During a normal tower jettison the launch

escape motor could be utilized to break a failed bolt, but this

would constitute an abort, since the ablative material surrounding

the failed bolt would likely be crushed as the bolt is broken because

of a combination of axial and bending loads. Since a failed bolt

would constitute an abort, utilizing the launch escape motor to break

a failed bolt would improve crew safety but would not affect mission
success. For an abort which occurs before normal tower jettison the
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launch escape motor could not be utilized since the motor would have

burned out before tower jettison. Reliability studies of the tower

separation symtem are continuing in co-ordination with Design

Engineering.

Forward Compartment Heat Shield Separation System

The four explosive bolts previously used in the forward heat shield

separation system have been replaced with two tension failure bolts.

(See Figure 2.2.) The predicted reliability of the system is

0.9999985, which exceeds the apportioned reliability of 0.999995.

Using tension failure bolts simplifies the previous system, resulting

in an increase in reliability. A logic diagram of the forward heat

shield separation system, Figure 2.3, is shown below.

GAS THRUSTER THRUSTER

0.999 0.9999 0.9999

GAS THRUSTER THRUSTER

0.999 0.9999 0.9999

TENSION TENSION
FAILURE FAILURE

BOLT BOLT

_Ffhe tension failure bolts are not included in calculating the

reliability, since neither bolt has a function within itself.

Figure 2.3 Forward Heat Shield Separation System Logic Diagram

2.5

Each bolt is designed to fail at 6135 _+ 5 pounds. Each of the four

thrusters are designed to peak at about 9500 pounds thrust. If one

of the redundant gas generators fails, the two thrusters that would

be actuated will provide 19,000 pounds thrust. This is a 55 percent

margin over the thrust required to break the two bolts.

Command Module to Service Module Separation System

Flexible linear shaped charges, Figure 2.4, are used to cut the three

straps that attach the command module to the service module. The
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2.7

2.7.1

2.7.2

predicted reliability is 0.999997, which exceeds the apportioned

reliability of 0.999995. Two flexible linear-shaped charges are

used on each strap, either of which will cut the strap. These

charges are both initiated at each end by dual initiators.

Adapter Separation Systems

A reliability evaluation was made of the system separating the service

module adapter and lunar excursion module adapters. A schematic of

the system is shown in Figure 2.5 and the sequence of operation
appears in Figure 2.6. Each of the adapters uses flexible linear-

shaped charges along the adapter structure. The linear-shaped charges

on each adapter are detonated by dual squib-ignited mild detonating

fuses. A linear-shaped charge has an initiation point at each end,

but there are several ways of reaching each end due to the inter-

connection of the shaped charges. For this reason, the reliability of
separating each adapter is approximately equal to the reliability of

the dual squibs. Since the reliability of one pair of dual squibs

is 0.999999, the reliability of separating the service module and

lunar excursion module adapters is 0.999997. This exceeds the

apportioned reliability of 0.999995.

Studies will be continued on the adapter separation systems, and

design changes or improvements will be suggested when necessary to

improve reliability.

Qualification Test

Forward Heat Shield Separation System

The separation of the forward heat shield from the command module,

prior to operation of the earth landing system, will be accomplished

by firing two cartridges, which will operate as gas generators. The

gas pressure will operate four thrusters that will break two tie bolts.

The qualification test program for the cartridges will subject ll8

specimens to mission environments and firing tests.

Test-Oriented Reliability Logic Diagram

Forward Heat Shield Separation System

Figure 2.7 depicts the test-oriented reliability logic diagram for

the forward heat shield separation system. The logic diagram

illustrates the reliability configuration of the extent of system

testing to be performed.
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TRANSPOSITION MANEUVER

SEPARATION OF SECTION II

TURNAROUND & LEM DOCKING

LEM RELEASE- SEPARATION
OF SECTION III

LEM GEAR EXTENDED

D>

TURNAROUND

SEPARATION OF SECTION I
FROM SERVICE MODULE

Figure 2.6 Adapter Separation Sequence
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Figure 2.7 Pressure Cartridge Reliability Assessment Model

NITIATOR

BRIDGEWIRE

CHARGE

!

iBRIDGEWIRE I

CARTRIDGE

Figure2.8 Explosive Bolt Reliability Assessment Model
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Launch Escape Tower Separation System.

Figure 2.8 depicts the test-oriented reliability logic diagram for

the LET separation system. The logic diagram, illustrates the

reliability configuration of the extent of system testing to be
performed.

2.7.3 Criticality and Hardware Requirements

Table 2.2 designates the criticality class, as defined in Section
2.A of SID 62-109-3 for the components of the mechanical devices.

The table enumerates the hardware requirements for a minimum quali-

fication program, as established in Section 2.5 of SID 62-109-3.

The distribution of the hardware through the subsystem qualification

test phases, as described in Section 2.3 of SID 62-109-3, is shown.

The location of the components in the spacecraft is indicated by

spacecraft zone numbers, as defined in Section A.2 of SID 62-109-3.

Component

Table 2.2 System Parameters for Qualification Testing

Qualification Test

Required Phase Distribution

Cartridge, forward

compartment heat

shield separation

S/C Zone

1

1

Criticality

1

1Explosive bolt,

launch escape

tower separation

Hardware

ll8

133

A-I A-2 B

70 &8 None

66 67 None

2.7./_.2

_ualification Test Schedule

Forward Heat Shield Separation System

Figure 2.9 displays the qualification test schedule for the forward
heat shield separation system and defines the test utilization of

cartridges enumerated in Table 2.2. The specific test levels to be

applied in qualification testing are found in the tables of environ-

mental test criteria in Section h.2 of SID 62-109-3 and are a func-

tion of the zone location of the equipment in the spacecraft. The

zone number is given in Table 2.2.

Launch Escape Tower Separation System

Figure 2.10 displays the qualification test schedule for the LET

separation system and defines the test utilization of the explosive
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bolts enumerated in Table 2.2. The specific test levels to be

applied in qualification testing are found in the tables of environ-

mental test criteria in Section _.2 of SID 62-109-3 and are a func-

tion of the zone location of the equipment in the spacecraft. The

zone number is given in Table 2.2.
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SECTION 3.0

ELECTRICAL POWER SYSTEM

3.1 Introduction

Reliability effort devoted to the Electrical Power System has been

divided into two primary tasks; (1) apportionment of system relia-

bility goals and evaluation of various design approaches; and, (2)
evaluation of test data and system operation to insure that these
goals are achieved.

Table 3.i indicates present estimates of component reliabilitNr.

These estimates are subject to change as development and qualifica-

tion test data become available, and thus, will be maintained current
in subsequent revisions to this section.

Ln an effort to insure accurate reliability evaluation, the EPS has

been subdivided into subsystems which consist of a group of isolated

components which perform a specific task. A description of these

components and their operating criteria is presented in detail on
other pages of this section.

3.2 Configuration Analysis

Figure 3.i presents the logic block diagram which is based upon the

failure effects analysis. This diagram has been utilized to obtain

the mathematical formula from which the subsystem predicted reliabil-
ity is obtained.

3.3 Failure Effects Analysis

Table 3.2 presents results of failure effects analysis of the
Electrioal Power Subsystem. The analysis has provided a basis for

formulating mathematical logic necessary for deriving predicted
reliability values.
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Figure 3.1 Reliability Electrical Power System Logic Diagram
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In addition, a failure mode analysis, considering each component of
an individual fuel cell module, is shown in tabulated form (Table 3.3).

The failure mode analysis considers the component, failure modes of

the component, probable cause of each failure, the effect of the
failure on mission success and on crew safety. A remarks column

shows possible corrective action to preclude a failure.

_ualification Test

Electrical Power System

The qualification program for the EPS has been designed to qualify

the system for Apollo spacecraft use while determining optimum

qualification test costs. The tests will verify design integrity

and will provide S&IDwith data to be integrated with other ground

and flight test data for reliability assessment purposes. The

components of the EPS are to be supplied to S&ID by different

suppliers and subcontractors. Each supplier or subcontractor will

perform the test, report and analyze failures, propose corrective

action, and furnish S&ID with data to be used for reliability assess-

ment. S&ID will monitor the tests and assist in failure analysis

when necessary. S&IDwi!I approve corrective actions, approve

qualification results, and assess achieved reliability based on data

supplied by the subcontractor or supplier. The qualification sample

sizes were selected as the minimumrequired to accomplish engineering
objectives. The number and type of tests will vary for the different

components of the EPS depending on its use, operational characteristics,
and location within the spacecraft.

Reliability Assessment Model

Figure 3.2 depicts the reliability assessment model for the EPS. The

model will aid in establishing test continuity and in programming the
collection of data for the assessment of reliability by illustrating

the functional and reliability interrelationships of the system

components.

Criticality and Hardware Requirements

Table 3./* designates the criticality class, as defined in subsection

2._ of SID 62-109-3 for the components of the EPS less the fuel cells.

The table enumerates the hardware requirements for a minimum qualifi-

cation program as established in subsection 2.5 of SID 62-109-3. The

distribution of the hardware through the subsystem qualification
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Table 3.4 EPS Parameters for

S/C Zone

Static inverter

Battery

Battery charger

Circuit breakers

Relay general purpose

Connector, umbilical,

electrical C/M to S/M

Connector, umbilical

C/M to LES

Connector, general purpose

Electrical feed through

bulkhead

Firing unit, EBW

Initiator, EBS

Initiator, hot wire

Power transfer switch

Motor operated power switch

and overcurrent relay

Floodlight fixtures

Ribbon cables C/M t.aS/M

Cable, electrical flat,

600 volts

Sequencer

Relay - A

Relay - B

Solid state - C

Solid state - D

Z

2

2

I and 2

1 and 2

1 external

i external

1 external

1 external

Qualification Testing

Required

Criticality Hardware

3 4

3 I0

3 4

3 6 of each type

3 types

3 36

3 4

3 4

3 27 total

3 typed and

3 classes

3 4 of each type

2 types

3 2

3 440

3 460

3 6 of each type

3 types

3 6

3 9 total

3 types

3 6

3 6

._o
• _il i PI_PII?I I I
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3.4.1.3

3.4.2

3.4.2.1

3./+.2.2

test phases, as described in subsection 2.3, (of SID 52-109-3) is

shown in the qualification test schedule (Figure 3.3). The location

of the components in the spacecraft is indicated in the table by

spacecraft zone numbers as defined in subsection _.2 of SID 62-109-3.

Test Schedule

Figure 3.3 displays the qualification test schedule for the EPS and

defines the test utilization of the hardware enumerated in Table 3.A.

The specific test levels to be applied in qualification testing are

found in the tables of environmental test criteria in subsection 4.2

of SID 62-109-3 and are a function of the zone location of the equip-

ment in the spacecraft. These zone numbers are given in Table 3.4.

Fuel Cells

Although its basic theory of operation has been known for decades, the
fuel cell is a recent addition to practical power supplies. For this

reason, the manufacturing "know-how" is new. The operating life
(without replacement of parts) is still relatively short. The Apollo

fuel cell power plant, as presently being developed, will have an

operating life of 400 hours, which is 20 percent above the lunar

mission time. The qualification test program has been carefully

planned to verify that the fuel cell design will meet this operating

life requirement. Because of the importance of the fuel cell to

mission success, an active redundancy is used in the system (i.e.,

three fuel cells are used in parallel when any two will supply
sufficient power).

Fuel cell qualification testing will be conducted by the subcontractor

with surveillance by S&ID to insure conformance. Integrated system

testing will be accomplished by boilerplate and airframe tests at
S&ID.

Reliabilitsr Assessment Mod_l

Figure 3.& illustrates the reliability interrelationship of the fuel
cells.

Criticality[ and Hardware Requirements

Table 3.5 designates the criticality class, as defined in subsection
2.4 of SID 62-109-3 for the components of the fuel cells. The table

enumerates the hardware requirements for a minimum qualification
program, as established in subsection 2.5 of SID 62-109-3. The

distribution of the hardware through the subsystem qualification test

phases, as described in subsection 2.3 of SID 62-109-3 is shown in the
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REACTANT ---
v

SUPPLY

/POWER PLANT

l FUEL CELL l
POWER PLANT l

POWER DISTRIBUTIONv

Figure 3.4 Fuel Cell Reliability Assessment Model

qualification test schedule (Figure 3.5). The location of the

components in the spacecraft is indicated in the table by

spacecraft zone numbers, as defined in subsection 4.2 of SID 62-

109-3.

Table 3.5 Fuel Cell Parameters for Qualification Testing

Component

Fuel Cell

S/C Zone Criticality

3

Required
Hardware

3.4.2.3

_ne refurbishment is required on Unit 2.

Test Schedule

Figure 3.5 displays the qualification test schedule for the fuel cells
and defines the test utilization of the hardware enumerated in Table

3.5. The specific test levels to be applied in qualification testing
are found in the tables of environmental test criteria in subsection

4.2 of SID 62-109-3 and are a function of the zone location of the

equipment in the spacecraft. These zone numbers are given in Table
3.5.

...." --33,':T:2[;:TY" '
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SECTION h.O

EARTH LANDING SUBSYSTEM

h.1

h.2

h.3

Introduction

The primary purpose of the earth landing subsystem is to provide safe

landing of the Apollo Command Module under re-entry or abort condi-

tions. The apportioned reliability of 0.9999% will be met by the
predicted reliability of present state-of-the-art components. A

reliability summary is presented in tabulated form (Table &.l) for

each of the major components.

The subsystem consists of an apex heat shield release, a sequencer, a

drogue chute, 3 pilot chutes, 3 main chutes and location ai_s. The
ground rules under which this system is evaluated is successful

operation of the single drogue and two out of three mains, or if the

drogue fails, a successful deployment of two of the three mains will

constitute a successful system operation. In the latter mode the

reliability of the main chutes is lower than at design level because

of the increased dynamic load. This assumption is based on the

results of the Northrop-Ventura drop tests at E1 Centro. These tests

indicate that the deployment of two of the three main chutes will
land the command module safely. Individual parachute reliability is

lower, however, due to higher dynamic pressure (Figure 4.1 shows a
simplified logic diagram of the earth landing system (ELS) and Table

A.2 shows the predicted reliability figures for this concept).

Analysis

An ELS analysis indicates that if the probability of successful

deployment of the individual main parachutes at high dynamic pressure

is as high as 0.990, the parachute recovery portion of the ELS will

successfully meet its reliability apportionment of 0.9999AO.

Under the above stated ground rules, the problem of the apex forward

trim position still exists. The Command Module being stable apex

forward from a high altitude abort will experience a dynamic pressure

of approximately 1AO q. In the case where the drogue fails, the main

chutes would never survive this high q number.

Qualification Test

Figure _.2 depicts the test-oriented reliability logic diagram for

the ELS. The logic diagram will aid in establishing test continuity

and in programming the collection of data for the assessment of

reliability by illustrating the interactions of the system components
and subassemblies.
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Table 4.2 Earth Landing Reliability Predictions

Component

Availiability of

electrical power (7)

Availiability of

electrical power (8)

Cover jettison

Drogue initiator

Drogue and mortar

Main chute, mortar,

redundant initiator

(1), (3), (s)

;',:Main chute, mortar,

redundant initiator

(z),(4),(6)

Main chute

disconnect

Parachute

system

Ope rating

Time

(T56)

1 cycle

1 cycle

I cycle

I cycle

i cycle

i cycle

1 cycle

I cycle

Predicted

Mission

S_c ce s s

Reliability

1.0

1.0

0. 99897

0. 999

0. 9979

0. 997899

Remarks

(T74)

0.98 98 99

Assumed to be

100% successful

for this evaluation

0. 999

i cycle O. 99998

Lower reliability

due _o high

dynamic pressure

due to::"Main chute reliability is assumed to be 0. 990 instead of 0. 998,

higher than design dynamic pressure.
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*MISSION SUCCESS 'l DROGUE + 2 ;,AA[N CHUTES

ALTERNATIVES: I. 3 MAIN CHUTES

LOCATION lAIDS

Figure &.2 ELS Test Oriented Reliability Logic Diagram

4.3 .i

L.3.2

•3.3

Criticality and Hardware Requirements

Table _.3 designates the criticality class, for the components of the

ELS. The table enumerates the hardware requirements for a minimum

qualification program as established in sub-section 2.5 of SID 62-109-

3. The distribution of the hardware through the subsystem qualifi-

cation test phases, as described _n subsection 2.3 of SID 62-109-3 is

shown in the respective qualification test schedule. The location of

the components in the spacecraft is indicated by spacecraft zone

numbers, as defined in subsection 4.2 of SID 62-109-3.

Drogue and Main Parachute Disconnects

Figure &.3 displays the qualification test schedule for the ELS para-
chute disconnects and defines the test utilization of the hardware

enumerated in Table 4.3. The specific test levels to be applied in

qualification testing are found in the tables of environmental test
criteria in subsection 4.2 of SID 62-109-3 and are a function of the

zone location of the equipment in the spacecraft. These zone numbers

are given in Table L.3.

Drogue and Pilot Mortars

Figure _.4 displays the qualification test schedule for the ELS
mortars and defines the test utilization of the hardware enumerated

in Table £.3. The specific test levels to be applied in qualification

testing are found in the tables of environmental test criteria in

subsection 4.2 of SID 62-109-3 and are a function of the zone location

of the equipment in the spacecraft. These zone numbers are given in
Table 4.3.

• j
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Table 4.3 ELS Parameters for _ualification Testing

Main Chute disconnect

Drogue chute disconnect

Drogue chute mortar

Pilot chute mortar

Sequence controller

Parachute fabric sample

S/C Zone

1

1

1

1

1

1

Criticality

3

3

3

3

3

3

Required
Hardware

5O

50

4

4

4

40 of each

Joint

4.3.4

4.3.5

Sequence Controller

Figure 4.5 displays the qualification test schedule for the ELS

sequence controller and defines the test utilization of the hardware

enumerated in Table A.3. The specific test levels to be applied in

qualification testing are found in the tables of environmental test
criteria in subsection 4.2 of SID 62-109-3 and are a function of the

zone location of the equipment in the spacecraft. These zone numbers

are given in Table A.3.

Parachute Fabric Samples

Figure 4.6 displays the qualification test schedule for the ELS para-

chute fabric samples and defines the test utilization of the hardware
enumerated in Table A.3. The specific test levels to be applied in

qualification testing are found in the tables of environmental test
criteria in subsection A.2 of SID 62-109-3 and are a function of the

zone location of the equipment in the spacecraft. These zone numbers

are given in Table A.3.

P
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SECTION 5.0

CRYOGENIC STORAGE SYSTEM

5.1 Introduction

5.2

5.2.1

As a result of simplifying the cryogenic storage system (CSS), an

analysis indicates that predicted reliability of the system is

capable of meeting the apportioned mission success and crew safety

goals. The revised predicted mission success and crew safety relia-

bility values versus apportioned reliability are summarized in
Table 5.1o

Analys is

The revised CSS design has been accepted by S&ID and is schematically

illustrated in Figure 5.1. Figure 5.2 shows the cryogenics supply

to the Environmental Control and Electrical Power system. The gen-

eral system reliability logic diagrams employed in the system relia-

bility analysis are shown in Figures 5.3 and 5.h.

The predicted reliability for mission success and crew safety, using

state-of-the-art failure rates, exceeds the apportioned reliability

for a l_-daymission. The time allocation for mission success calcu-

lations for the l&-daymission is 1AT and 189 hours for the series

and redundant-operating modes, respectively.

The logic diagram for mission success for the Ih-daymission is

presented in Figure 5.5. The mathematical models used to compute

mission success and crew safety are presented in Figure 5.A. Critical

failure modes and their effects on the mission are depicted in Table
5.2, Failure Effects Analysis. The predicted state-of-the-art fail-

ure rates for these critical failure modes are presented in Table 5.3.

Abort Criteria

The abort criterion for a iA-daymission is that the mission must be
aborted whenever an additional failure could result in the loss of

the spacecraft. To achieve mission success with this criterion, all

singularly redundant critical components must be considered in series

for mission success until lunar surface stay is completed.

After the spacecraft has proceeded to a transearth phase, the mission

objectives will have been achieved if safe return to earth is accom-

plished. Therefore, after lunar surface stay is completed, the

system may be considered in a redundant mode of operation because a

single failure no longer aborts the mission.
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DESCRIPTION
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SUIT CIRCUIT RETURN AIR CHECK VALVE ASS[MBLy 61
DEBRIS TRAP 62
SUIT COMPRESSOR 63

SUIT COMPRESSOR CHECK VALVE 64

CO 2 AND ODOR ABSORBER REMOVABLE CONTAINER (26 REPLACE_AENTS) 65

CO 2 AND ODOR ABSORBER PACKAGE 6.6
LION CANISTER {2} _ ?
CHECK VALVE (2) 68
ISOLATION VALVE 69

SUIT BYPASS VALVE 6 10
SUIT COMPRESSOR S_LECTOR SWITCH 6 }1

SUIT AIR TEMPERATURE SENSOR

SUIT AIR TEMPERATURE CONTROL

SUIT AIR TEMPERATURE SELECTOR

SUIT EVAPORATOR TEMPERATURE SENSOR
7_

SUIT EVA_RATOR TEMPERATURE CONTROL 7 2

HEAT EXCHANGER PACKAGE 73
REGENERATIVE HEAT EXCHANGER
REGENERAIIVE HEAT EXCHANGE_ BYPASS VALVE

SUIT EVAPORATOR

GLYCOL-IO-SUIT AIR HEAT EXCHAI_ER 74
WATER SEPARATOR 7._

WATER SEPARATOR PUMP ASSEmbLY 7/.

SUIT HOSE CONNECTOR PACKAGE 77

SUIT SHUTOFF VALVE 7 I_

SUIT SUPPLY CONNECTION 7 9
SUI_ RETURN 7 _0

CHECK VALV_ 7 11
SU_T FLOW LI_IT(R

GROUP II - WATER - GLYCOL CIRCUIT /1_

SPACE RADIATOR OUTLET CHECK VALVE 7 _7
GLYCOL PRESSt_E RELIEF VALVE 7 Ig

GLYCOL CHECK VALV{ 719
GLYCOL EVAPORATOR 7 21

GLYCOL SHUTOFF VALVE

CABIN TEM_RAT_E CONIROL VALVE

GLYCOL PUMP SELECTOR SWITCH
GLYCOL SHUTOFF VALV_

SPACE RADIATOR ISOLATION & VENT VALVE

GLYCOL T_MPERATURE CONTROL 8 1

GLYCOL TEMPERATURE SENSOR g ?

GLYCOL FiLL & VENI CONNECTION 8 3
MANUAL SHUTOFF VALVE @ 4

GLYCOL SHUTOFF VALVE B.5
GLYCOL RESERVOIR B.6

GLYCOL PUMP ASSEMBLY 8. 7
ACCUMULATOR 8.8

15OLATION VALVE B .9
PUMP (2_ e. io

CHECK VALVE (2) e. l i
FILTER e } 2

GLYCOL TEMPERATURE CONTROL VALVE g } 3
SPACE RADIATOR

LEM WATER SUPPLY QUICK DISCONNECT

GROUP III - COMMAND MODULE PRESS & TEMP. CONTROL SYSTEM 9 )

CABIN OUTFLOW,PRESS RED & NEGAtWE RELIEF VALVE 9"3
CABIN HEAt EXCHANGER 94

CAB£N TemPerature SELECTOR Q_

CABIN T_MPERATURE ANTICIPATOR 96
97

CABIN TEMPERATURE CONTROL 9. 8
CABIN TEM_RATURE SENSOR
CABIN BLOWER DIVERTER VALVE 99
CABIN BLOWER S_LECTOR SWITCH 9.10

CABIN REQRCULAT_NO BLOWER 9-tl
CABIN VENT VALVE _ l_

CABIN PRESSURB REGU_.ATOR 913

GROUP IV - OXYGEN SUPPLY

BACK PACK SUPPLY SHUTOFF & PRESSURE REkl_F VALVE I 4o

BACK PACK SUPPLY CAP
DEMAND PRESSURE REGULATOR & RELIEF VALVE

MANUAL o_ SUPPLY VALVE 1.41

E_ERGENC'_ 0 2 INFLOW CONIROL VALVE 142
RE-ENTRY 02 SUPPLY SYSTEM 1.43

_2 FILL PORT _)
VALVE ASSEMBLY (2)

PRESSURE REOULAtOR(2_ 2 (o

RELIEF VALVE (21 24 I
CHECK VALVE (2_

OXYGEN PRESSURE REGULATOR ASSEMBLY

SHUTOFF VALVE (2_ 2.(2

PRESSURE REGULATOR i2)

RELIER VALVE <2!

CHECK VALVE (2}

LEM OXYGE_ SUPPLY QUICK D_SCONNECT 2.44

2._S

GROUP V - WATER SUPPLY SYSTEM

_ATER _UPPLY _UICK OI_CONN_ET
water CHECK VALVE

SUIT EVA_RATOR WATER INFLOW CONTROL VALVE 340
POTABLE WATER IANK

FREON QUICK DISCONNECT VALV(

_ATER CHILLER

WASTE water _ANK

_ATER SHUTOFF VALVE _0

WATER TANK PRESSURE RELIEF V_LV_ 4al
POTA_ E '_ATEe SUPPLY _SSEmBLY _ (_

SURPLY VALVE r_,
HEATER

WATER PRESSURE RELffF VALVe

TANK PRESSURE CONTROL & RELIEF VAL_

FREON FLOW VALVE
FREON CHECK VALVE

SURVIVAL WATER SHUTOFF VALVE 5 40

EMERGENCY WATER SHUTOFF VALVE

FREON RESERVOIR TANK

10W0

ITEM NO. NO. REQ

Service and Command Module Cryog

EPS and ECS Integrated Systems

DESCR I PTION

GROUP Vl - WASTE MANAGEMENT SYSTEM

VACUUM BAG

8LOWER
SHUTOFF VALV_

SELECTOR SWITCH
URINE SEPARATOR

CHEMICAL TANK
REUEE TUBE

FECES BAG

URINE OVERBOARD

FLBXA_tE HOSE

STORAG_ FACILITIES CHECK VALVE

GROUP Vii - FUEL CELL SYSTEM

REGENERATOR

CONDENSOR

CIRCULATION SYSTEM
eu_P
SEPARATOR

_OTOR

SECONDARy LOOP COOLANT PUMP

ACCUMULATOR AND _ESSUR_ REGULATOR

FILL VALVE

HYDROGEN PRESSLIRE REGULATOR

NITROGEN PRESSURE REGULATOR

OXYGEN PRESSURE REGULATOR

FUEL CELL RADIATOR

TEMPERATb_E CONTROL REGULATOR & REGENERATOR BYPASS VALVE

OXYGEN PURGE SYSTEM VALVE
HYDROGEN AUXILIARY COOLING SYSTEM VALVE

NITROGEN TANK FILL VALVE
NrTROGEN TANK

OVERBOARD VENT

HYDROGEN VENT

NITROGEN SUPPLY QUICK DISCONNECT
COOLANT SUPPLY QUICK DISCONNECT

GROUP Vl I I - HYDROGEN SYSTEM

TANK SHUT-OFF VALVE

PRESSURE RELIEF VALVE

PRESSURE TRANSDUCER

_ESS_ SW_TCH
ELECTRICAL HEATER

FUEL CELL SUPPLY SHUTOFF VALVE

TEMPERATURE SENSOR PROBE

QUANTITY SENSOR _O_E
CHECK VALVE

HYDROGEN TANK

HYDROGEN PURGE LINE

HYDROGEN FiLL LIN{

HYDROGEN FILL VENT

GROUP IX - OXYGEN SYSTEM

IANK _HUIO_F VALVE

PRESSLIRE RELIEf VALVE
PRESSURE TRANSDUCER

_ESS_E SW_TCH
ELECTRICAL M{ATe_

FUEL CELL SUPPLY SHUIOFF VALVE
TEMPERATURE S_NSOR _OB(

QUANTITY SENSOR _O_E
CHECK VALVE

OXYGEN TANK
OXYGEN PURGE LINE

OXYGEN FILL L_N_
OXYGEN FILL V_NT

GROUP I " PRESSURE SUIT INSTRUMENTATION

TRANSDUCER, tEMP., INLET, SUIT SUPPLY MANIFOLD

SENSOR

AMPUFIER

TRANSDUCER, PRESS , INLET SLJtT SUPPLY MANIFOLD

TRANSDUCER, DIFFERENTIAL PRESS. SUIT COMpREsSOR

TRANSDUCER, PARTIAL PRESSURE, CO 2

GROUP il - WATER - GLYCOL CIRCUIT iNSTRUMENTATION

TRANSDL_R, PRESS., OUTLET, GLYCOL PUMP

TRANSDUCER, FFMP, GASEOUS, OUTLET, GLYCOL EVAPORATOR

SENSOR
AMPUFIER

TRANSDUCER, TemP., LIQUID, OUTLET, GLYCOL EVAPORAIOR
SENSOR

AMPLlfffR

TRANSDU(.ER, P_ESS , QUANTITY MEASUREMENT, GLYCOL ACCUMULATOR
TRANSDUCER, PRESS., GASEOUS, OUTLET, GLYCOL EVAPORATOR

TRANSDUCER, TEMP, OUTLET, Space RADIATOR

SENSOR
AMPLIFIER

GROUP I1[ - COMMAND MODULE PRESSURE & TEMP INSTRUMENTATION

TRANSDUCER, PRESSURE, CABIN TOTAL, COMMAND MODULE

GROUP IV - OXYGEN SUPPLY iNSTRUMENTATION

TRANSDLEBR, FLOW, OXYGEN SUPPLy

TRANSDUCER, PRESS, OUTLET, REGULATOR, OXYGEN SUPPLY

TRANSDUCER TEMP , CO--AND MODULE, AIR, CABIN AVERAG{

SENSOR

AMPLIFIER

GROUP V -WATER SUPPLY SYSTEM INSTRUMENTATION

TRANSDUCER, PRESS., QUANTITY MEASUREMENT, WASTE WATfe IANK

GROUP X - POWER SUPPLY

POWER SUPPLy, TRANSDUCER, TEMPERATURE
(USED WITH )terns L(0, 2.(I. 2.(Z _.(_, _.42 )

enic Storage,
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5.2.2

5.2.3

Single Versus Dual Supply Line Concept

An investigation was made to determine if a single supply line could

be used instead of the dual supply line now employed in the simpli-
fied cryogenic storage system.

Three considerations in favor of the dual line were investigated.

One consideration is that it is possible to have the check valves

located as far as possible from the source of cold fluid to avoid

excessive cycling of the valves, which would result in excessive wear

and higher failure probability. A second consideration is that the

check valves need not be installed in an opposed configuration in the

same line. Installing opposed valves in the same line results in

high pressure surges that will cause the valves to alternately slam
into the valve seats. The third consideration is the additional

measure of safety gained by a completely separate system. If one

line should rupture or break, the crew can return on the gas supplied

by the second line. As a result of this investigation, it was deter-

mined that the dual line offers more advantages from a reliability

standpoint than does the single line. It was recommended that the

present design remain as a part of the over-all cryogenic storage

system configuration.

Single-Tank Cryogenic Storage System for Airframe 009

A reliability analysis was performed to determine the effect on crew

safety if a single-tank cryogenic storage system is used in Airframe

009. T_e fuel cells will be carrying a dummy load throughout the

mission and electrical power will be supplied by battery. Based on

these considerations, a single-tank hydrogen storage system will be

adequate, since it will not affect crew safety.

The oxygen storage system was investigated further because crew

safety is directly dependent on oxygen supply. The system studied

contained enough components to assure check-out and reactant delivery.

The system contained the same redundant control circuitry as the dual-

tank system. The results of the analysis showed the system reliabil-

ity to be 0.999998 for the twenty-six minute mission time. This

high reliability is a result of high reliability components, minimum

number of components, and short mission time.

Reliability Engineering, considering the preceding analysis, approved

the use of a single-tank cryogenic storage system in Airframe 009.

The oxygen system schematic is shown in Figure 5.6.

In the event that at some time in the future a requirement is gener-

ated to use fuel cells for purposes of supplying primary electrical

power, a reliability analysis of dual hydrogen supply system instal-

lation and operation must also be generated.

_, • -q
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5.2.4 Deletion of SiDgle-Tank Five-Minute Emergency Requirement

A reliability study was performed to determine the probability of a

command module puncture and an oxygen storage system failure occur-

ring within the mission time period. This situation would require the

operation of a single-tank system under emergency flow conditions for

5 minutes. The analysis showed the probability of occurrence of the

puncture and the system failure within the mission time period of 336
hours to be less than one occurrence in a million missions.

In view of the high improbability of the occurrence of a puncture,

the requirement for a capability to maintain command module pressure

for 5 minutes employing only one 02 tank was deleted.

5.2.5 Command Module Repressurization

Beech Aircraft Corporation has suggested resizing the heaters to
provide the one-hour repressurization utilizing both cryogenic oxygen

storage tanks. The heaters that are currently utilized to maintain

pressure in the cryogenic storage system provide sufficient heat for

repressurization of the command module in one hour, employing one

cryogenic oxygen storage tank. Beech indicated that the required

electrical power will be half the present value if both tanks are

utilized for repressurization.

Based on the following considerations, Reliability Engineering recom-

mended that the heaters be resized to allow repressurization by both

cryogenic oxygen tanks in one hour.

5.2.5.1 Repressurization of the command module is required only

after a command module puncture or an extra-vehicular

operation.

5.2.5.2 Extra-vehicular operation is not part of the mission plan.

Any failures occurring will have to be handled by abort

procedure because there is no provision for service module

or command module external repairs.

5.2.5.3 The probability of a command module puncture coupled with

an oxygen subsystem failure is less than one occurrence in
a million missions.

5.2.5.4 In the event of a depressurization of the CM, the crew

will don space suits. With crew in suits the length of

time taken to repressurize the CM is not critical.

5.2.5.5 Reliability of the heater system will be enhanced if power

requirements are lowered; for example, lower Dower require-

ments would result in extended heating intervals and fewer

switching operations.
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5.3

5.3.1

5.3.2

_ualification Test

Laboratory qualification of the cryogenic storage system and relia-

bility assessment from data will be performed by the subcontractor.

Test-0riented Reliability Logic Diagram

Figure 5.7 depicts the test-oriented reliability logic diagram for

the cryogenic storage system. The logic diagram will aid in estab-

lishing test continuity and in programming the collection of data
for the assessment of reliability by illustrating the interaction of

the system components.

Criticality and Hardware Requirements

Table 5._ designates the criticality class, as defined in subsection

2._, for the components of the cryogenic subsystem. The table enu-
merates the hardware requirements for a minimum qualification program
as established in subsection 2.5 of SID 62-109-3. The location of

the components in the spacecraft is indicated by spacecraft zone
numbers as defined in subsection _.2 of SID 62-109-3.

Table 5._ Cryogenic System Parameters for Qualification Testing

Component

Oxygen subsystem

Hydrogen

subsystem

S/C Zone

i and3

i and3

Criticality

Required
Hardware

(less one

tank each)

(less one

tank each)

Qualification Test Schedule

Figures 5.8 and 5.9 display the qualification test schedule for the

cryogenic storage system and define the test utilization of hardware
enumerated in Table 5._. The specific test levels to be applied in

qualification testing are found in the tables of environmental test
criteria in subsection A.2 of SID 62-109-3 and are a function of the

zone location of the equipment in the spacecraft. These zone numbers
are defined in Table 5-12 of SID 62-109-3.

e_
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SECTION 6.0

SERVICE MODULE REACTION CONTROL SUBSYSTEM

6.1

6.2

Introduction

Table 6.1, su_marlzes in tabulated form the reliability analysis
of the service module reaction control subsystem.

Evaluation of the presently proposed quad subsystem, evaluation of a

modification to the presently proposed quad subsystem and a subsystem
failure effects analysis have been performed for the service module

reaction control subsystem. As a result of these analyses it has

been determined that both the present quad and the modified quad

meet the apportioned mission and crew safety reliabilities. Table 6.2

presents a summary of the results based on component apportioned
reliability rates and on the component predicted failure rates.

Analysis

A reliability analysis was performed on the service module reaction

control subsystem to investigate modifications proposed for the

present quad system so that the exact magnitude of possible increased
reliability could be determined. The modifications considered were

(1) the physical isolation of the reaction control engines in order

to minimize the extent of the damage in the event of an explosive

engine failure, and (2) the addition of two solenoid valves in each

quadrant to provide for a more selective engine shut-down capability.

If an engine valve should fail in the present quad system, it would

be necessary to shut down four engines. The proposed modifications

would necessitate the shut down of only two engines if an engine
valve should fail.

The results of the analysis presented in Table 6.2 indicate that the

present quad subsystem is more reliable than the modifed subsystem

for all cases and criteria considered. One reason why the modified

subsystem has a lower reliability than the quad subsystem is because

additional hardware is required to provide more selective engine

shut-down capability. The opinion is that the modifications would

be detrimental to the subsystem from a reliability vie_qooint. The

evaluation of subsystem crew safety is based on results of a derived

density function. Table 6.1 presents a list of the component

failure rates used in this study.

The diagrams in Figure 6.1 present in schematic form the component

arrangements considered in the evaluation of the present and modified

subsystem. A logic network for one quadrant utilized in the mathe-

matical modelling to derive subsystem reliability comparison values

is shown in Figure 6.2.
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Table 6.2 Reaction Control Subsystem Reliability Comparison

Configuration Mission Success Crew Safety

(3 out of 4) (2 out of 4)

Based on Component Apportioned Failure Rates

quad 0.999732 0.999989

Modified quad 0.999675 0.999971

Reliability Apportionment 0.99600 0.999970

Based on Component Predicted Failure Rates

Quad 0.996370 0.999398

Modified quad 0.994464 0.999013

Reliability Apportionment 0.99600 0.999970

6.3 Failure Effects Analysis

Table 6.3 presents results of the failure effects analysis of the

service module reaction control subsystem components.

This analysis provides a basis for formulating mathematical logic and

is compatible with previously defined subsystem logic that is still

valid. Equations expressing in mathematical form the subsystem

logic necessary to obtain the subsystem reliability values are

presented in Figure 6.3.
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REGULAR QUAD

(Two of Four for Minimum Control)

MISSION SUCCESS

R
mission success

+

+ 4R_ module

Z Z

(I - R Z module ) Rsolenoid + 6R 2 module

(1 - R_. module +

Z R z }3RZ module (I - R z module ) solenoid

MODIFIED QUAD

(Two of Four for Minimum Control)

MISSION SUCCESS

R
mission success = 4 8R1 propellant supply R1 engine subsystem

propellant supply RZ engine

4 3 8'+ R z R Zpropellant supply engine subsystem

(I R 2 propellant supply ) solenoid valve

+ 6 R propellant supply RZ engine subsystem

)z R8 }(I - R Z propellant supply solenoid valve

+ 8 R propellant supply RZ engine subsystem

Figure 6.3 Quad System Mathamatical Models

It"
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RZ valve](i - R 2 engine subsystem ) solenoid

+ 28 R2 propellant supply" RZ engine subsystem

)Z R4 ](1 - R Z engine subsystem solenoid valve

+ 3Z RZ propellant supply R2 engine subsystem

(I R2 propellant supply )

(1 R2 engine subsystem ) solenoid valve

Three Failure (Negligible) I

4 RI propellant supply R1 engine subsystem

- R I R 4 ]
(l

propellant supply ) solenoid valve

I[R_ propellant supply R_ engine subsystem]

+ 8 R propellant supply RZ engine subsystem

(1 RZ engine subsystem ) solenoid valve

R z+ 3 R propellant supply engine subsystem

(1 - R z engine subsystem ) Rsolenoid valve
I

+ Three Failure (Negligible) [

[
!

R_

7-
+

[8 propellant supply R1 engine subsystem

(1 - R 1 engine subsystem ) solenoid valve

Figure 6.3 Quad System Mathamatical Models (Cont)

t/
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propellant supply engine

I+ 4 RZ propellant supply engine subsystem

(1 - R z propellant supply ) solenoid valve

+ 7 R2 propellant supply R2 engine subsystem

2

(1 - R z engine subsystem ) Rsole_oid valve

+ Three Failure (Neglibible)] I

Figure 6.3 Quad System Mathamatical Models (Cont)

6.4 _.ualificat ion Tests

Qualification tests on the reaction control subsyste:_ _ngines conform

to the general requirements of MIL-E-5151 and include the follo_ing:

i.

2.

3.

4.

Calibration tests

Environmental tests (Design proof tests)

Electromagnetic interference and susceptibility tests

Mission simulation life tests

The number of test engines is predicated upon the requirement to

assess compliance with the procurement specification and off-limit

modes of operation. The number of qualification test samples" for the

components of the propellant feed subsystem is based on the criti-

cality index, limited life requirements, service life considerations,

and multiple use of the same test articles.
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6.4.1 Reliability Logic Diagram

Figure 6.4 depicts the test oriented reliability logic diagram

for the service module reaction control system. The diagram will

aid in establishing test continuity and in programming the

collection of data for the assessment of reliability by illustra-
ting the inter-relationship of the components.

Criticality and Hardware Requirements

Engines

Table 6.4 designates the criticality class, as defined in sub-

section 2.4 of SID 62-109-3, for the components of the service

module reaction control system engines. The table enumerates the

hardware requirements for a minimum qualification program estab-

lished in subsection 2.5 of the above reference. The location of

the components in the spacecraft is indicated by spacecraft zone
numbers as defined in subsection 4.2 of SID 62-109-3.

Table 6.4 S/M RCS Rocket Engine Parameters for Qualification Testing

Component

Thrust chamber

Injector

Fuel valve

Oxidizer valve

S/C Zone

1

1

1

1

Criticality

3

3

3

3

Required
Hardware

13

9

lO

lO

6.4.2.2 Propellant Feed

Table 6.5 designates the criticality class, as defined in sub-

section 2.4 of SID 62-109-3 for the components of the S/M RCS

propellant feed. The table enumerates the hardware requirements

for a minimum qualification program as established in Section 2.5

of SID 62-109-3. The distribution of the hardware through the

subsystem qualification test phases as described in subsection 2.3
(of SID 62-109-3) is shown. (Phase A-1 tests are conducted at

maximum levels of environment anticipated for a typical Apollo

mission. Phase A-2 consists of off-limit tests to verify design
margins. Phase B consists of mission simulation life tests). The

location of the components in the spacecraft is indicated by zone

numbers, as defined in subsection 4.2 of SID 62-109-3.
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Table 6.5 S/M RCS Propellant Feed Parameters for Qualification Testing

Component

Disconnect

Regulator

Valve

Tanks (3 types)

6.5

6.5.1

6.5.2

Qualification Test

Phase Distribution

S/C Zone

1

1

1

1

Criticality

Re_ired
Hard,re A-I A-2 B

4 1 1 2

4 1 1 2

4 1 1 2

4 4 4 0

Qualification Test Schedule

Figure 6.5 is the qualification test schedule for the S/M RCS
engines and defines the test utilization of hardware enumerated in

Table 6.i. The qualification tests will use 8 complete engines and

4 replacement thrust chambers. The thirteenth thrust chamber will

be used for component testing. The specific test levels to be

applied in qualification testing are found in the tables of envi-

ronmental test criteria in subsection A.2 of SID 62-109-3 and are

a function of the zone location of the equipment in the spacecraft.
These zone numbers are given in Table 6.A.

Propellant Feed

Figure 6.6 presents the qualification test schedules for the S/M

RCS propellant feed components and defines the test utilization

of the hardware enumerated in Table 6.5. The specific test levels

to be applied in qualification testing are found in the tables of

environmental test criteria in subsection A.2 of SID 62-109-3, and
are a function of the zone location of the equipment in the space-
craft. These zone numbers are given in Table 6.5.

- -vvw xl II.JIBI I a mr Ilm
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GROUND

HALF

DISCONNECT, FILL, HELIUM

DISCONNECT, TEST, HELIUM

DISCONNECT, FILL, OXIDIZER

DISCONNECT, TEST, OXIDIZER

DISCONNECT, V1ENT, OXIDIZER

DISCONNECT, FILL, FUEL

DISCONNECT, TEST, FUEL

DISCONNECT, VEI_, FUEL

AIRBORNE

HALF

VALVE, SOLENOID, HELIUM

VALVE, SOLENOID, FUEL

VALVE, SOLENOID, OXIDIZER

S/M RCS SOLENOID VALVES

REGULATOR, PRESSURE, HEUUM

NOTE:
EACI_ 8LOCK COVERS ONE WORK WEEK

LEGEND

1 ACCEPTANCE

2 HUMIDITY

3 ELECTROMAGNETIC INTERFERENCE

4 EXPLOSIVE ATMOSPHERE

5 ACCELERATION

6 VIBRATION

7 ACOUSTICS

8 TEMPERATURE, HIGH

9 TEMPERATURE, LOW

10 VACUUM

II SHOCK

12 BURST PRESSURE

I3 VACUUM, TEMPERATURE

14 VIBRATIONo ACCELERATION

15 VIBRATION, TEMPERATURE

16 PERFORMANCE

17 SURGE PRESSURE

18 FLUID COMPATIBILITY

S/M RCS REGULATOR

VALVE, RELIEF, HELIUM

S/M RCS RELIEF VALVE

VALVE, CHECK

Figure 6.6 S/MRCS Propellant Feed (Less Tanks)

Schedule (Sheet 1 of 2)

Qualification Test
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SECTION 7.0

COMMAND MODULE REACTION CONTROL SUBSYSTEM

7.1 Introduction

7.2

7.3

The latest design configuration under consideration (i.e., pro-

pellant system-dual) has been analyzed and is described herein.

The reaction control system mission success reliability apportion-

ment is 0.999960 and can be achieved with the apportioned component

reliability values as shown in Table 7.1. Present state-of-the-art

component reliabilities require improvement since system predicted
reliability synthesized from state-of-the-art values is only
0.993h73.

Analysis

The purpose of the reaction control system (RCS) is to maintain

spacecraft attitude control in the absence of atmosphere by provid-

ing controlled thrust about the three spatial axes. The command

module RCS is specifically required to provide this attitude

control for the command module after separation from the service

module. Reorientation of the command module must be accomplished

before reentry so that the heat shield will be in the required

reentry position. During reentry, positive attitude control is

absolutely necessary to achieve the highly restricted reentry

window, flight path envelope, and parachute deployment. The
system is designed to operate without gravity requirements and can

be subdivided into pressurization, reactant supply, and engine

bank subsystems. The pressurization subsystem provides, at the

proper time, carefully regulated gas pressure to expell the

hypergolic reactants from the reactant storage and supply subsystem

in the required ratio to the reaction engine bank.

The configuration represented in logic block diagram form presented

in Figure 7.1 is a composite version of six previously evaluated

designs. Table 7.1 presents the component reliability values used

in conjunction with Figure 7.1 logic to obtain the predict4d

reliability value of 0.993h73 for the C/MRCS.

Failure Effects Analsy__

A command module RCS failure effects analysis has been outlined for

each type of failure for every item in the system and evaluates
the effect of these failures on the performance of the system

components, the system itself, and the spacecraft as a whole.

The analysis is presented in Table 7.2. This failure effects

analysis justifies the redundancy requirements illustrated in

Figure 7.1 that were initially determined by preliminary con-
siderations.
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Mathematical Model For The Corrm_and Module Reaction CoPItrol System

= R2
Propellant System Dual Configuration Reliability = R(PSD ) + 2 R q Rvo

in which : R = RA RB RC , q = 1 - R

where : RA = Rhelium tank (Rfill valve + Rcap Rfill valve Reap)

Rsquib valve Rfilter (2 Rregulatoi 2- Ri.egulatoe 4)

Rfittings Rtubing

2 4) 2 (R
Rs = (2 Rchec k valve - Rcheck valve relief valve

Rfilter + Rburst dlsk - Rrellef valve Rfilter Rburst dlsk)2

Rcap)2 2(Rvent,valve + Rcap " Rent valve Rsqulb valve

Rox tank Rfuel tank (Rfill valve + Rcap " Rfill valve

2 )2
Rcap) (Rburst disk Rfilter Rfittlnii Rtubing

2 6

RC = Rflow meter Rflttingi Rtubing Rengines

and : R = 0.994898, R2 = 0.989822, q = 0.005102, Rvo = 0.999522

therefore : R(PSD ) = 0.989822 + 2 (0.994898) (0.005102) (0.999522)

= 0.999969

Oefinltiom: RA = Reliability of Helium Pressurizotlon Sybsystem

RB = Reliability of Propellant Supply Subsystem

RC = Reliability of Engine Package Subsystem

Rvo= Reliability of Solenoid Valve Operatlpn (two valves)

R = Reliability of one side of the dual system

q = Probability of failure of one side of the dual system

R(PSD ) = Reliability of Dual System

D

Figure 7.1 Command Module Reaction Control System Logic Diagram
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7.h.1

7.h.2

7.4.2.1

? .h.2.2

Qualification Tests

Qualification tests on the reaction control subsystem engines

conform to the general requirements of MIL-E-5151 and include the

following:

i. Calibration tests

2. Environmental tests (Design proof tests)

3. Electromagnetic interference and susceptibility tests

4. Mission simulation life tests

The number of test engines is predicated upon the requirement to

assess compliance with the procurement specification and off-limit

modes of operation. The number of quallfication test samples for

the components of the propellant feed subsystem is based on the

criticality index, limited life requirements, service life con-
siderations, and multiple use of the same test articles.

Test-oriented Reliability Logic Diagram

Figure 7.2 depicts the test-oriented reliability logic diagram for
the C/MRCS. The logic diagram will aid in establishing test con-

tinuity and in programming the collection of data for the assessment

of reliability by illustrating the inter-relationship of system

components.

Criticality and Hardware Requirements

RCS Engine

Table 7.3 designates the criticality class, as defined in subsection

2.4 of SID 62-109-3, for the C/M reaction control system rocket

engine. The table enumerates the hardware requirements for a

minimum qualification program as established in subsection 2.5 of

SID 62-109-3. The location of the components in the spacecraft is

indicated by spacecraft zone numbers as defined in subsection 4.2
of the above reference.

RCS Propellant Feed

Table 7.4 designates the criticality class, as defined in sub-

section 2.4 of SID 62-109-3, for the components of the C/M RCS

propellant feed. The table enumerates the hardware requirements

for a minimum qualification program, as established in subsection

2.5 of SID 62-109-3. The distribution of the hardware through the

subsystem qualification test phases, as described in subsection 2.3
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of SID 62-109-3, is shown. (Phase A-1 tests are conducted at

maximum levels of environment anticipated for a typical Apollo

mission. Phase A-2 consists of off-limit tests to verify design

margins. Phase B consists of mission simulation life tests.)

The location of the components in the spacecraft is indicated by

spacecraft zone numbers, as defined in subsection _.2 of
SID 62-109-3.

Table 7.3 C/M RCS Engine Parameters for Qualification Testing

Component

Thrust Chamber

Injector

Fuel Valve

Oxidizer Valve

S/C Zone

1

1

1

1

Criticality

2

2

2

2

Required
Hardware

14

]4

14

14

Table T.4 C/M RCS Propellant Feed Parameters for Qualification Testing

Component

Burst Disc

Squib Valve

Disconnect

Valves, solenoid
check or relief

Regulator

Tanks (3 types)

S/C Zone

1

1

1

1

1

1

Criticality

2

2

3

3

Required
Hardware

5

5

Qualification Test I

Phase Distribution

A-1 A-2 B

2

2

2

1

1

1

4

1 2

1 2

1 2

1 2

i 2

0
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7.5.2

Qualification Test Schedule

RCS Engine

Figure 7.3 displays the qualification test schedule for the C/M

RCS engines and defines the test utilization of the hardware
enumerated in Table 7.3. The specific test levels to be applied

in qualification testing are found in the tables of environmental
test criteria in subsection 4.2 of SID 62-109-3 and are a function

of the zone location of the equipment in the spacecraft. These

zone numbers are given in Table 7.3.

RCS Propellant Feed

Figure 7.4 displays the qualification test schedule for the C/M

RCS propellant feed and defines the test utilization of the hard-
ware enumerated in Table 7.4. The specific test levels to be

applied in qualification testing are found in the tables of
environmental test criteria in subsection 4.2 of SID 62-109-3 and

are a function of the zone location of the equipment in the space-

craft. These zone numbers are given in Table 7.4.
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COMPONENTS

VALVE, RELIEF, HELIUM

VALVE, SOLENOID, HELIUM

VALVE, SOLENOID, OXIDIZER

VALVE, SOLENOID, FUEL

VALVE, SQUIB, HELIUM

DISC, BURST, OXIDIZER

DISC, BURST, FUEL

COMPONENT: REGULATOR,

PRESSURE, HELIUP_

SAMPLE:

C/M RCS REGULATOR

COMPONENT: VALVE, CHECK
SAMPLE:

SAMPLE:

(AIRBORNE

HALF)
COMPONENTS:

I, DISCONNECT, FILL, HELIUM

2. DiSCONNECT, TEST, HELIUM

3. DISCONNECT, FILL, OXIDIZER

4. DISCONNtECT, TEST, OXIDIZER

5. DISCONNECT, V_NT, OXIDIZER

6. DISCONNECT, FILL, FUEL

7. DISCONNECT, TEST, FUEL

8. DISCONNECT, VENT, FUEL

Figure 7.4

ITEM WEEK NO,

NO. ' I 2 I 3 I _ I 5 I 6 I 7 I e I 9 I ,ol I, I '=1 ,31 " I Is

I 1 2 6 5 8 9 10 6 12

2 1 2 6 58 9 10 17 12 16

I

2 I 3 46 S 8 9 6 12

3 ':]_Z_ZE]

I I 2 3 6 8 9 4

2 I 2 3 6 8 9 6 4 12

3 I 2 3 6 8 9 6 4 12

5 I 15 12 6 16 t2

LEGEND

I ACCEPTANCE

2 HUMIDITY

3 ELECTROMAGNETIC INTERFERENCE

4 EXPLOSIVE ATMOSPHERE

5 ACCELERATION

6 VIBRATION

8 TEMPERATURE, HIGH

9 TEMPERATURE, LOW

10 VACUUM
,11 SHOCK

!12 BURST PRESSURE

t3 VACUUM, TEMPERATURE

14 VIBRATION, ACCELERATION

15 VIBRATION, TEMPERATURE
16 PERFORMANCE

17 SURGE PRESSURE

18 FLUID COMPATABILITY

I 1 2 6 8 9 II 6 12 18

2 I 2 6 8 9 II 6 12 18

3 1 2 6 8 9 II 6 12

4 1 15 13 18 6 12

3

I I 18 6 5 8 9 6 12

2 I 18 6 $ 8 9 6 12

I I 2 IB 11 8 9 _0 16 6

2 I 2 18 11 8 9 I0 6

I I 2 18 II 8 9 16 II

2

SAMPLE :

(GROUND 3

HALF)

, ,i]Z ZZ:EIE]

C/M RCS Propellant Feed (Less Tanks)Qualification

Test Schedule (Sheet 1 of 2)
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SECTION 8.0

ENVIRONMENTAL CONTROL SUBSYSTEM

Introduction

The Environmental Control Subsystem is composed of five functional

subsystems illustrated in the "E" revision of the ECS schematic,
Figure 8.1, and in addition three associated subsystems which are

tied to and function as part of the ECS. A summary of the reliability

analyses of the ECS in tabulated form is presented in Table 8.1. The

eight functional subsystems are described as follows:

Analysis

Pressure Suit Subsystem

The purpose of the pressure suit circuit is to automatically control

the flow, pressure, temperature, and composition of the pressure suit

gas. The subsystem, in conjunction with the command module pressure

and temperature control subsystem, will also control the environmental

conditions in the cabin when any or all the crew are out of their

pressure suits. Figure 8.2 presents the subsystem logic block diagram.

Water-_ycol Subsystem

The water-glycol subsystem is an intermediate heat transfer loop which

permits heat to be transferred from the space vehicle interior to the

space radiators. This function is accomplished by pumps, heat

exchangers, valves, and controls. Figure 8.3 presents the subsystem

logic block diagram.

Command Module Pressure and Temperature Control Subsystem

Although this subsystem serves several purposes, the principal function

is to automatically maintain the pressure and temperature of the cabin

within the prescribed limits. This function is accomplished in

conjunction with the pressure suit subsystem by means of regulated

oxygen inflow, recirculation blowers, a heat exchanger, a temperature

control and sensors, vent valves, and other valves and controls as

required. Figure 8.h presents the subsystem logic block diagram.

Oxygen Supply Subsystem

The oxygen supply subsystem is sub-divided further into three sub-

systems: the normal oxygen supply system, the reentry oxygen supply

system, and the back pack oxygen supply system. The normal oxygen

supply system is capable of controlling the inflow of oxygen for the

entire Apollo mission up to the reentry phase. This function is

accomplished by suitable pressure regulators, demand regulators, and
shutoff and check valves.

:L ,L
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VOLUME: A]TM-I 0

SECTION:

_AGE: 8.3_ 8.4

DATE: ___

REV. DATE:

.5
.28

2.16

23

I

.25

_MANUAL SHUTOFF VALVE

_ ELECTRICALLY ACTUATEDVA LVE

_) ELECTRICALLY ACTUATED

CONTROL VALVE

WITH MANUAL OVERRIDE

_)PRESSURE REGULATOR

(_PRESSURE REGULATOR AND RELIEF
VA LV E

_PRESSURE RELIEF VALVE

10

i

1

2.26-1

28

_ PRESSURE RELIEF VALVE WITHMANUAL OVERRIDE

:_:ELECTRICALLY ACTUATED 3-WAY
VA LYE

:_ELECTRICALLY ACTUATED 3-WAY
VALVE WITH MANUAL OVERRIDE

/--4.18

T OXYG'EN 1

STORAGE SYSTEM l

NOT PART OF E.C.S._

24
15

2

12

! FUEL CELL l

$.261WATER SUPPLY'
(NOT PART

, OFE.C.S.) I
I- ....... I

2.

2.11
i

SPACE

RADIATOR

(NOT PART

OF E.C.S.

24

J ITEM J NO.PART NO. NO. REQUIRED

850022-I- 1.3 I

811100-I- 1.8 I

826000-I-I 1.10 2

850052 1.11 2

811450-I-I 1.14 28

811400-I-I 1.15 I

810500-1-1 1.16 1

820210-1-1 1.17 2

820100-1-1 1.23 1

820010-1-1 1.24 1

820020-2-1 1.25 1

820050-1-t 1.27 1

820010-1-1 1.28 I

813000-1-1 1.29 1

810100-I-I 1.30 4

810600-I-I 1.31 4

827030-1-1 2.1 4

827530-1-1 2.2 2

827030-1-1 2.5 3

812000-1-1 2.6 1

827570-1-1 2.11 1

850006-1-1 2.13 1

820210-1-1 2.16 2

827580-1-1 2.17 2

820220-1-1 2.20 4

820010-1-1 2.22 1

820080-1-1 2.23 1

827060-1-1 2.24 2

827590-1-1 2.26 2

827600-1-1 2.27 1

827050-1-1 2.28 5

812800-1-1 2.29 1

850024-1-1 2.30 1

827390-I-I 2.31 I

_1_ CHECK VALVE

_SELF SEALING QUICK DISCONNECT

rl QUICK DISCONNECT

DESCRIPTION

GROUP I - PRESSURE SUIT CIRCUIT

SUIT CIRCUIT RETURN AIR CHECK VALVE ASSEMBLY
DEBRIS TRAP

SUIT COMPRESSOR

SUIT COMPRESSOR CHECK VALVE

CO 2 AND ODOR ABSORBER REMOVABLE CONTAINER (26 REPLACEMENTS)
CO 2 AND ODOR ABSORBER PACKAGE

LIOH CANISTER (2)

CHECK VALVE (2)
ISOLATION VALVE

SUIT BYPASS VALVE

SUIT COMPRESSOR SELECTOR SWITCH

SUIT AIR TEMPERATURE SENSOR

SUIT AIR TEMPERATURE CONTROL

SUIT AIR TEMPERATURE SELECTOR

SUIT EVAPORATOR TEMPERATURE SENSOR

SUIT EVAPORATOR TEMPERATURE CONTROL

HEAT EXCHANGER PACKAGE

REGENERATIVE HEAT EXCHANGER

REGENERATIVE HEAT EXCHANGER BYPASS VALVE

SUIT EVAPORATOR

GLYCOL-TO-SUIT AIR HEAT EXCHANGER
WATER SEPARATOR

WATER SEPARATOR PUMP ASSEMBLY

SUIT HOSE CONNECTOR PACKAGE

SUIT SHUTOFF VALVE

SUIT SUPPLY CONNECTION

SUIT RETURN

CHECK VALVE

SUIT FLOW LIMITER

GROUP II - WATER-GLYCOL CIRCUIT

SPACE RADIATOR OUTLET CHECK VALVE

GLYCOL PRESSURE RELIEF VALVE

GLYCOL CHECK VALVE

GLYCOL EVAPORATOR

GLYCOL SHUTOFF VALVE

CABIN TEMPERATURE CONTROL VALVE

GLYCOL PUMP SELECTOR SWITCH

GLYCOL SHUTOFF VALVE

SPACE RADIATOR ISOLATION AND VENT VALVE

GLYCOL TEMPERATURE CONTROL

GLYCOL TEMPERATURE SENSOR

GLYCOL FILL AND VENT CONNECTION

GLYCOL QUICK DISCONNECT

MANUAL SHUTOFF VALVE

GLYCOL SHUTOFF VALVE

GLYCOL RESERVOIR

GLYCOL PUMP ASSEMBLY

ACCUMULATOR

ISOLATION VALVE

PUMP (2)

CHECK VALVE (2)
FI LTER

GLYCOL TEMPERATURE CONTROL VALVE

PART NO. J ITEMI NO.NO. REQUIRE D DESCRIPTION

GROUP III - COMMAND MODULE PRESSURE AND TEMPERATURE CONTROL SYSTEM

810400-1-1 3.1 1

812100-1-1 3.2 1

8201 20-1-1 3.5 1

820110-1-1 3.6 1

820010-1-1 3.7 1

820100-1-1 3.8 1

848010-1-1 3.14 1

820210-1-1 3.17 2

826010-1-1 3.18 2

850014-1-1 3.27 2

810200-I-I 3.28 1

CABIN OUTFLOW, PRESSURE REGULATOR AND NEGATIVE RELIEF VALVE
CABIN HEAT EXCHANGER

CABIN TEMPERATURE SELECTOR

CABIN TEMPERATURE ANTICIPATOR

CABIN TEMPERATURE CONTROL

CABIN TEMPERATURE SENSOR

CABIN BLOWER DIVERTER VALVE

2ABIN BLOWER SELECTOR SWITCH

'CABIN REClRCULATING BLOWER

CABIN VENT VALVE

CABIN PRESSURE REGULATOR

GROUP IV - OXYGEN SUPPLY

827140-1-1 4.13

827140-1-1 4.14

827300-1-1 4.16

827310-1-1 4.17

827810-1-1 4.18

827550-1-1 4.22

827240-1-1 4.23

827330-1-1 4.24

BACK PACK SUPPLY SHUTOFF AND PRESSURE RELIEF VALVE

BACK PACK SUPPLY CAP

DEMAND PRESSURE REGULATOR AND RELIEF VALVE
MANUAL OXYGEN SUPPLY VALVE

OXYGEN QUICK DISCONNECT

EMERGENCY OXYGEN INFLOW CONTROL VALVE

REENTRY O SUPPLY SYSTEM

OXYGEN TANK (2)

OXYGEN FILL PORT (2)

VALVE ASSEMBLY (2)

PRESSURE REGULATOR (2)

RELIEF VALVE (2)

CHECK VALVE (2)

:OXYGEN PRESSURE REGULATOR ASSEMBLY

SHUTOFF VALVE (2)

PRESSURE REGULATOR (2)

RELIEF VALVE (2)

CHECK VALVE (2)

GROUP V - WATER SUPPLY SYSTEM

827520-I-I 5.1

827360-I-I 5.2 5

827010-I-I 5.5 1

812300-I-I 5.10 I

827520-I-I 5.12 I

812400-I-I 5.14 I

812200-1-1 5.15 1

827410-1-1 5.18 3

827820-I-I 5.19 I

812900-I-I 5.22 _ I

827830-I-I 5.23 2

810300-I-I 5.24 2

827840-I-I 5.25 I

827850-1-I 5.26 I

WATER SUPPLY QUICK DISCONNECT

WATER CHECK VALVE

SUIT EVAPORATOR WATER INFLOW CONTROL VALVE
POTABLE WATER TANK

FREON QUICK DISCONNECT VALVE

WATER CHILLER

WASTE WATER TANK

WATER SHUTOFF VALVE

WATER TANK PRESSURE RELIEF VALVE

POTABLE WATER SUPPLY ASSEMBLY

SUPPLY VALVE (2)
HEATER

WATER PRESSURE RELIEF VALVE

TANK PRESSURE CONTROL AND RELIEF VALVE

FREON FLOW VALVE

WATER QUICK DISCONNECT

Figure 8.1 Environmental Control System "E" Revision



SUIT

CABIN

CIRCUIT

WILL

OPERATE

F OPENS OPENS I .30C3 1.30D3 !

i CLOSES CLOSES "--1

o,,_, o,,_ i Fi F
1.30CI

CLOSES 1.30C2

H' !. H_r ,_ I. 30BI 1.30A1 OPENS -

OPENS OPENS 1.31A 1.3oB2 1.30A2
(MANUAL) OPERATES OPENS 1.3IB

i._, oPENSj _ OPERATESCLOSES 1.30CI I. 3001 1. 30D2 (MANUAL)

- t I-!,-OPE NS 1.30C3

I . 30B1 I . 30A1 CLOSES

TRUE @ 1.30DI OPENS OPERATES _o_(MANUAL) L)

CLOSES 1.3002CLOSES 1.30D3
C LOSE S

A
-- 1.30C1 1.3001

OPENS OPENS I _30C3 1.30D3

_ _ OPENS H OPENS _-'_1

,CLOSES 1.30C2 J

• 1.30BI 1.30AI CLOSES

OPENS OPENS I. 31A I. 30A2
(MA t_JA L) OPERATES j CLOSES I. 30B3 I. 30A3

I. 30DI (MANUAL) OPENS OPENS I. 31C
(MANUA L) OPERATES

CLOSES _,,

i

1.30CI

CLOSES

I. 3OD1

CLOSES

I. 30A I

CLOSES

(MANUAL)

1.30D2
CLOSES

1.30D3CLOSES

1.30C2 1.30D2

r OPENS OPENS -'1 r 1.30C3 1.3003i I OPENS OPENS

1.30C2 " I

C LOSES I. 30C3

OPENS OPENS 1 . 31B T 1 . 3083 . I. 30A3

(MANUAL) OPERATES - OPENS OPENSI. 30D2 (MANUAL)

CLOSES 1,3OO3

CLOSES
i



1.30C4
CLOSES

I.30A3
OPENS _.31C 1.30A4

(MANUA L) OPERATES CLOSES
(MANUAL)

I. 3004
OPENSt h.... 1.30C4

OPENS

1.30C4
CLOSES

1.3004
CLOSES

1.3004
CLOSES

L--.

OPENS OPENS 1.31D
(MANUAL) OPERATES

I. 17A

4,,

SELECTS 1. I I B I . I 1A I . 10A 1. 29A AIR
!. 10A CLOSES OPENS OPERATES COOLS GLYCOL

H | J 7.12 (_ MA L AIR COOLS

N UA AIRS/T/I ""

DIFF. (_ ;_17B

1.30C4
OPENS

I. 30C4
CLOSES

SENSES CONTROLS _',_
LI U/L

5.5 I I,- .,.. --.._

VALVE J _ (AUTO

I. 3OD4
CLOSES

1.31C
OPERATES

J 1.3004 L 1.8 SELECTS I.IIA 1.lib 1.108 TRUECLOGS I. 10B CLOSES OPENS OPERATES

J OPENS _ "1 MANUAL _ TEMP/
'" '""" L! ,.= LJ,,= 1 i

o,.,. ,>,.,,_ ,;_',_'_sH _,._,,,_,_H ,.,_c,II °''"" H °"'s1 .
1.301M 1.30A4 J J 1.31D 1.8 L_-;-_7]l

BYPASS H

OPERATES

(MANUAL) J J ' 1.15gl

i FU C.O --I '
I___./_LACE,W__..j REPLACEMENTLI "1.15C_ J TRUEQ l / TOO,IG, ,_ k_.._ ,._1 1I ! °''"'_ i 1 _;_ . L------"

CLOSES I _ r 7.T,_7 1 J
Ii 0,,,,,, _ . OpIESCs2I__.__PLACEM°TIIREPLACEMENTLJ 1.15C1

_ j | tCANNIS-# , CANNISTER I i CLOSES

/ -7 ! 7.,<>® / II i _ ,_ AVA,LA,,LEI i ,.:'<'O

I PARTIAL ® /OPERATION DURING / J H20
CLOSES • _ CANNISTER CHANGE /

,.:,o,., ,._- ,._, Li_ \ o,,,,,,. /OPENS I.31D

(MANUAL) OPERATES OPENS F
! OPENS f1.3004

CLOSES



k_

I. 24

OPERATES
1.25

OPERATES

(MAN UA L)

J_ I. 29G m

SELECTS

I. 29A

I. 29G

SELECTS

BY PASS

- --AVAILABLE ,,-J L.____I

7 r---7 r---7 _ r___
I--,-,I !. 29(: L_J WATER _ c,, _ I

' I i OPERATES |l AVAILABLE J_ _v /---j

i_t__J L--__J L___J _ L

:LJ

1.29E1 H

O/C 1.29F1

MANUAL OPERATES

O/C 1.29F2

MANUAL OPERATES

_L OXYGENI J
PRESSURE I--_ ..... I--'1

AVAILAB_II r • II
------" !--I s.2c , I I

, r'---71 '. o/c _1 ,
I : OXYGEN ' I I I I I
t--I PRESSURE I -i .... -" IL I, - AVA_LAeLE-
I L___..J I

H hSELECTS I. 29A

(M_UAL) OPERATES

J LI \Ji

J 1.16 ]I I
I ,;,pl I If"xl

•_--.i /7/ I.--.,-.-,.-J CLOSES I.-..J ! I/, I.--J

__4,=,,LJ ,,® ,

5.23A
RELIEVES

5.23B F
RELIEVES

/
1.29A L

qOPERATES

1

1.16

AUTO

OPENS

SUCCESS

COMPONENT

NUMBER

I.I

1.2

1.3

1.4

I.S

1.6

1.7

1.8

1.9

1.10

1.11

1.12

1.13

1.14

1.15

1.16

1.17

1.18

1.19

1.20

1.21

I. 22

I. 23

1.24

1.25

1.27

I._

1.29

1.30

1.31

5.2

5.23

5.5

5.13

7.1

7.3

7.6

7.7

7.9

7.10

7.11 -

7.12

7.16

NITH AMERICAN AVIATION, INC.

SP_E and INFORMATION SYSTEMS DIVISION

VOLUME"

S=CTIO.: 8

pAo-: 8.5, 8.6

o,.,'r-: ],.0-15-63
RE_V. OAT It" -

ITEM. DESCRIPTION

VALVE, CHECK, RASPSERRY, NORMALLY CLOSED

HEAT EXCHANGER, AiR-AIR REGENERATION CROSS-FLOW

VALVE, CHECK, DUAl, BUTTERFLY, "NORMALLY CLOSED

VALVE, LIMITING AND MANUAL SHUTOFF, NORMALLY OPEN

CONNECTOR, NORMALLY OPEN

VALVE, CHECK, FLAPPER, NORMALLY CLOSED

Cr"_NECTOR, ORIFICE, NORMALLY CLOSED

DEBRIS TRAP, SCREEN FILTER
CATALYTIC FILTER

COMPRESSOR, CENTRIFUGAL, 10,000 RPM

VALVE, CHECK, RASPBERRY, NORMALLY CLOSED

VALVE, MANUAL SHUTOFF, NORMALLY OPEN

VALVE, CHECK RASPBERRY, NORMALLY CLOSED

CO 2 AND ODOR ABSORBER REMOVABLE CONTAINER (26 REPLACEMENTS)

CO 2 AND ODOR ABSORBER
VALVE, PRESSURE RELIEF WITH MANUAL OVERRIDE, NORMALLY CLOSED

SWITCH, ROTARY, FOUR-POSITION ASSEMBLY

VALVE, ELECTRICALLY ACTUATED CONTROL WITH MANUAL OVERRIDE

HEAT EXCHANGER, GLYCOL-AIR CROSS-FLOW

HEAT EXCHANGER, WA,TER-AIR CROSS-FLOW

VALVE, DIVERTER, MANUAL

WATER SEPARATOR, WITH SHUTOFF VALVE AND ACTUATOR

SUIT AIR TEMPERATURE SENSOR

TEMPERATURE CONTROL, MAGNETIC AMPLIFIER

TEMPERATURE SELECTCR, RHEOSTAT
SUIT EVAPORATOR TEMPERATURE CONTROL

TEMPERATURE CONTROL, MAGNETIC AMPLIFIER

HEAT EXCHANGER PACKAGE

REGENERATIVE HEAT EXCHANGER

REGENERATIVE HEAT EXCHANGER BYI_ASS VALVE

SUIT EVAPORATOR d,.

GLYCOL-TO-SUIT AIR HEAT EXCHANGER

WATER SEPARATOR _,.
WATER SEPARATOR PUMP ASSEMBLY

SUIT HOSE CONNECTOR PACKAGE

SUIT SHUTOFF VALVE

SUIT SUPPLY CONNECTION

CHECK VALVE

SUIT FLOW LIMITER

WATER CHECK VALVE

WATER PRESSURE RELIEF VALVE

VALVE, ELECTRICALLY ACTUATED CONTROL WITH MANUAL OVERRIDE

VALVE, CHECK, QUADRUPLE ASSEMBLY, NORMALLY OPEN

,SENSOR, AIR PRESSURE

SENSOR, AIR TEMPERATURE

SENSOR, PRESSURE DIFFERENTIAL

SENSOR, PRESSURE DIFFERENTIAL

SENSOR, AIR TEMPERATURE

SENSOR, VOLTAGE INDICATION

SENSOR, AIR TEMPERATURE

TRANSDUCER, PRESSUI:E, INLET SUIT SUPPLY MANIFOLD

TRANSDUCER, PARTIAl PRESSURE, CO 2

LEGEND

A = CABIN EMERGENCY SUIT /_ODE

O = HUMAN OPERATION

r'J, = MECHANICAL OPERATION

S/T/I = SENSES, TRANSMITS, AND INDICATES

S"TM/ = SENSES, TRANSMITS, AND WARNS

= POSITION

Q = PRESSURE

Q _ TEMPERATURE

Q= VOLTAGE

S V = SERVO VALVE

O,'C = OPEN OR CLOSED

NOTE:

A, B, C, ETC, AFTER COMPONENT NUMBER INDICATES

POSITION IN CIRCUIT OF SUCCESSIVE IDENTICAL

COMPONENT

NOTE: DOES NOT INCLUDE GROUND CHECK-OUT PROVISIONS

UNLESS OTHERWISE INDICATED PARALLEL REDUNDANCY IS ASSUMED RATHER THAN SEQUENTIAL REDUNDANCY

NORMAL OPERATION AND NO.'bMAL CONDITIONS ASSUMED UNLESS OTHERWISE INDICATED

LOGIC BASED UPON REQUIREMENTS FOR SUCCESS

Figure 8.2. Pressure Suit Subsystem LOg_Lc Diagram



WATER GLYCOL

CIRCUIT WILL

OPERATE

r m m m _mm mmm mmmm mmm _mmm m m m mm mmm mm m mm _m mmmm mmm mmm m m m m m m mmmmm mmm

l 2.24A H 2.5

C.LOSED CLOSED

2.24B l
CLOSED

L

2.11

OPEN

EARTH CHECKOUT AND ASCENT

i

i H H H H ,.,cH ,.,cH Hr _ - CLOSED CLOSED CLOSED CLOSED (3LOSED CLOSED OPEN CLOSED
i

2_;c_ o_. c_o_0 _o_o c_o_o
OPEN _ _ --I I
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OPEN H OPERATES
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O/C OPERATES

I 2:I_ H 2.2B
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DROPPEDPRIOR TO REENTRY MOON-SUBSOLARMODE

SUCCESS H
H 2.16A
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2.30AI2.30BI H 2.30AIO/C OPERATES

H 8.1®
S/TA

TRUE O

2.30B2 H 2.30A2O/C OPERATES

,..,H H H H H FO/C 0/(2 S'/l'/l OPERATES O/C 2.3ODOPERATES OPEN OPEN
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H 2.16B
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2.30A2
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S,/T

l TRUEO I
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I _(_)_ 2.27Bi I/ -- OPEN /
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I
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L____J
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COMPONENT

NUM3ER ITEM DESCRIPTION

1.29

2.1

2.2

2.5

2.6

2.11

2.13

2.16

2.17

2.20

2.22

2.23

2.24

2.26

2.27

2.28

2.29

2.30

2.31

3.7

5.14

8.1

8.5

8.6

8.16

8.17

8.20

HEAT EXCHANGER PACKAGE

REGENERATIVE HEAT EXCHANGER

REGENERATIVE HEAT EXCHANGER BYPASS VALVE

SUIT EVAPORATOR

GLYCOL-TO-AIR HEAT EXCHANGER
WATER SEPARATOR

WATER SEPARATOR PUMP ASSEMBLY

SPACE RADIATOR OUTLET CHECK VALVE

GLYCOL PRESSURE RELIEF VALVE

GLYCOL CHECK VALVE

GLYCOL EVAPORATOR

GLYCOL SHUTOFF VALVE

CABIN TEMPERATURE CONTROL VALVE

GLYCOL PUMP SELECTOR SWITCH

GLYCOL SHUTOFF VALVE

SPACE RADIATOR ISOLATION AND VENT VALVE

GLYCOL TEMPERATURE CONTROL

GLYCOL TEMPERATURE SENSOR

GL'YCOL FILL AND VENT CONNECTION

GLYCOL QUICK DISCONNECT

MANUAL SHUTOFF VALVE

GLYCOL SHUTOFF VALVE

G LYCOL RESERVOIR

GLYCOL PUMP ASSEMBLY

ACCUMULATOR

ISOLATION VALVE

PUMP (2)

CHECK VALVE (2)
FI LTER

GLYCOL TEMPERATURE CONTROL VALVE

CABIN TEMPERATURE CONTROL

WATER CHI LLER

TRANSDUCER, PRESSURE, OUTLET, GLYCOL PUMP

TRANSDUCER, TEMPERATURE, GASEOUS, OUTLET, GLYCOL EVAP. SENSOR

TRANSDUCER, TEMPERATURE, LIQUID, OUTLET, GLYCOL EVAP. SENSOR

TRANSDUCER, PRESSURE, QUANTITY MEASUREMENT, GLYCOL ACCOM.

TRANSDUCER, PRESSURE, GASEOUS, OUTLET, GLYCOL EVAPORATOR

TRANSDUCER, TEMPERATURE, OUTLET, SPACE RADIATOR SENSOR

©
[]
o/c
®
@
S/TA
®

NOTE:

LEGEND

= HUMAN OPERATION

= MECHANICAL OPERATION

= OPEN OR CLOSED

= PRESSURE
= QUANTITY

= SENSES, TRANSMITS, AND INDICATES
= TEMPERATURE

A, B, C, ETC., AFTER COMPONENT NUMBER INDICATES POSITION IN CIRCUIT OF
SUCCESSIVE INDENTICAL coMPONENT

Figure 8,3 Water-Glycol Circuit Logic Diagram



PRESSURE AND

TEMPERATURE

CONTROL

SYSTEM WILL

OPERATE

__ ,o.s(Z) __
S/T/I

TRUE Q

t
I
I
I
L

._ 3.1A

REGULATES

AND RELIEVES

REGULATES

AND RELIEVES

.__ 3.1A
CLOSES

MANUAL

,_ 3.1B

CLOSES

MANUAL

CREW SAFETY

t d

I

._ 3.28A
REGULATES

i tREGULATES

3.28A

CLOSES

MANUAL

3.28B

C LOSES

MANUAL

T
I

t,l

3.5

SELECTS

TEMPERATURE

I
3.27A

OPEN

MANUAL

3.27B

OPEN

MANUAL

3.17A

SELECTS

3.18A

3.17B

SELECTS

3.18B



3.6

.:NSES

(D

3.18A

OPERATES

3.18B

OPERATES

3.8

SENSES

(D H

3.14

OPERATES

1

3.14

OPERATES

3.7

CONTROLS

2.13A AND B

._ 2.13A k
OPERATES

I I I"-----'m
I.---I GLYCOLI--

1 OPERATES

I L___/
2.138

OPERATES

I
I

, 2.,3AhI o/_MANUAL

2.13B

o/c
MANUAL

CREWSAFETY

F-
-I v,LvE I------

C LOSEDI MANUALI

;TLANDINGMODE

3.17A

SELECTS

3.18A

SELECTS

3.18A

SELECTS

3.18B

SELECTS

3.18B

3.18A

OPERATES

3.18B

OPERATES

kJ 3.14
OPERATES

H 3.14
OPERATES

3.17A _1

SELECTS

3.18A AND

3.18B

3.17B

SELECTS

3.18A AND

3.18B

3.18A

OPERATES

3.18B

OPERATES

3.14

OPERATES
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SHUTOFF I _ I
I VALVE

OPEN ; T I
L_C_j I m

I

I
I
I
I
I
I
I

___J

i

SUCCESS

COMPONENT

NUMBER ITEM DESCRIPTION

2.13
3.1

3;2

3.5

3.6

3.7

3.8

3.14

3.17

3.18

3.27

3.28

9.9

10.5

CABIN
CABIN

CABIN

CABIN

CABIN

CABIN

CABIN

CABIN

CABIN

CABIN

CABIN

TEMPERATURE CONTROL VALVE

OUTFLOW, PRESSURE REGULATOR AND NEGATIVE RELIEF VALVE
HEAT EXCHANGER

TEMPERATURE SELECTOR

TEMPERATURE ANTICIPATOR

TEMPERATURB CONTROL

TEMPERATURE SENSOR

BLOWER DIVERTER VALVE

BLOWER SELECTOR SWITCH

RECIRCUI.ATING BLOWER

VENT VALVE

CABIN PRESSURE REGULATOR

TRANSDUCER, TEMPERATURE, COMMAND MODULE, AIR, CABIN SENSOR

SENSOR, COMMAND MODULE TOTAL PRESSURE

LEGEND

O = HUMAN OPERATION

D = MECHANICAL OPERATION

O/C = OPEN OR CLOSED

= PRESSURE

S/T/I = SENSES, TRANSMITS, AND INDICATES

= TEMPERATURE

NOTE:

A, B, C, ETC., AFTER COMPONENT NUMBER INDICATES POSITION IN
CIRCUIT OF SUCCESSIVE IDENTICAL COMPONENT

Figure 8.h Command Module Pressure and Temperature Control, Logic Diagram



NORTH AMERICAN AVIATION, INC.

SPACE and INFOR_IATION SYSTE1MS DIVISION

VOLUME;

SECTION: 8

PAGE -' 8. ll

DATE; -- ] (___] 5-63

REV. DATE:

8.2.5

8.2.6

8.2.7

The reentry oxygen supply subsystem supplies the oxygen required for

mission completion after separation of the service module from the

command module. This function is accomplished by oxygen storage tanks,

pressure regulators, and valves. The back pack oxygen supply system

supplies the oxygen required for changing the back packs within the

command module from the main oxygen tanks. This function is accom-

plished by a shut-off and pressure relief valve. Figure 8.5 presents

the subsystem logic block diagram, and Figure 8.6 presents the back

pack supply.

Water Supply Subsystem

The water supply subsystem collects, stores, and provides water for

supplemental and emergency heat transfer operation and collects and

stores potable water for consumption by the crew members. The above

functions are accomplished, utilizing water tanks, pressure controls,

and valves. This subsystem also contains several valves associated

with other subsystems. Figure 8.7 presents the subsystem logic block

diagram. As an aid to performing an ECS system reliability analysis,

logic diagrams, Figures 8.2 through 8.7 were prepared for each ECS

circuit. In addition, a failure mode and effects analysis for each

ECS component is herein included.

ECS Radiators

The ECS radiators, although not considered part of the ECS, are

connected to the water-glycol subsystem. The radiators provide the

means of transferring to space the heat absorbed by the water-glycol.

Two radiators are provided, which are mounted in the service modules.

Each radiator is divided into independent circuits. The heat rejection

rate may thus be varied for different heat loads by activating more or

fewer numbers of the radiator tube passages, which, in turn, vary the
amount of active radiating surface. The independent circuits in each

radiator also provide crew safety by incorporating the capability of

eliminating a leak in a radiator section caused by meteoroid impacts.

Mission success and crew safety reliability for the radiators have

been apportioned at 0.99995 and 0.999998 respectively.

Cold Plate Circuit

The cold-plate circuit is also connected to the ECS water-glycol

circuit. Cold plates provide the means of cooling the electronic

modules in the spacecraft. Approximately forty cold plates are

provided as heat exchangers. The cold plates are in contact with the
electronic modules requiring cooling. Cool water-glycol circulates

through internal passages in the cold plates. The cool cold plate

surfaces absorb heat from the electronic modules, which is in turn

transmitted to the water-glycol circulating in the cold plates.
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4.22B
CLOSED

MANUAL

rmmlllm 1

I 3.28A I

REGULATES i_J

L .... J j

I 3.28B
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4.16A F
REGULATES

RELIEVES

4.16B F
REGULATES
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I
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I
[

l 9.20
OXYGEN FLOW

4.16A F

CLOSED

MANUAL

SUCCESS
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l IF OXYGENI
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L .... J

TRUE
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TRUE

OXYGEN O

5.24B

RELIEVES

REGULATES
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RELIEVES

REGU LATES

5.24A

O/C

MANUAL

5.24A
O/C

MANUAL

5.24B _ 5.24B_

o/c
MANUAL

o/c ---d --
MANUAL

CREW SAFETY

H ,8 ® F
OXYGEN SUPPLY

PRESSURE

4.16B F
CLOSED

MANUAL

CREW SAFETY

I
J..--.

r "Ri 1
I IF OXYGEN I

I LEAKS I
I_ .... J

I '.201
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TRUE I
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OXYGEN P_J
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COMPONENT

NUMBER

1.29

3.28

4.16

4.17

4.22

4.23

4.24

5.24

9.2

9.8

10.5

ITEM DESCRIPTION

HEAT EXCHANGER PACKAGE

REGENERATIVE HEAT EXCHANGER

REGENERATIVE HEAT EXCHANGER BYPASSVALVE

SUIT EVAPORATOR

GLYCOL-TO-SUIT AIR HEAT EXCHANGER

WATER SEPARATOR

WATER SEPARATOR PUMP ASSEMBLY

CABIN PRESSURE REGULATOR

DEMAND PRESSURE REGULATOR AND RELIEF VALVE

MANUAL OXYGEN SUPPLY VALVE

EMERGENCY OXYGEN INFLOW CONTROL VALVE

REENTRY OXYGEN SUPPLY SYSTEM

OXYGEN TANK (2)

OXYGEN FILL PORT (2)

VALVE ASSEMBLY (2)

PRESSURE REGULATOR (2)

RELIEF VALVE (2)

CHECK VALVE (2)

OXYGEN PRESSURE REGULATOR ASSEMBLY

SHUTOFF VALVE (2)

PRESSURE REGULATOR (2)

RELIEF VALVE (2)

CHECK VALVE (2)

TANK PRESSURE CONTROL AND RELIEF VALVE

SENSOR, OXYGEN FLOW RATE

SENSOR, OXYGEN PRESSURE

SENSOR, COMMAND MODULE TOTAL PRESSURE

LEGEND

O = HUMAN OPERATION

[] = MECHANICAL OPERATION

(_ = PRESSURE

O = FLOW RATE

S/T/I = SENSES, TRANSMITS, AND INDICATES

O/C = OPEN OR CLOSED

NOTE:

A, B, C, ETC., AFTER COMPONENT NUMBER INDICATES

POSITION IN CIRCUIT OF SUCCESSIVE IDENTICAL COMPONENT

Figure 8.3 Oxygen Regulation Subsystem, Logic Diagram
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BACK PACK

OXYGEN SUPPLY
WILL

OPERATE I'
BACK

PACK

OXYGEN

AVAILABLE 4.13 I

RELIEVES

(AUTOMAT IC)

4.18A

OPERATES

4.13

o/c
(MANUAL) 4.14

o/c --1
(MANUAL)

4.13

CLOSED

(MANUAL)

4.14

CLOSED

(MANUAL)

APPROACH REENTRY AND

RECOVERY MODES ONLY

COMPONENT

NUMBER

4.13

4.14
4.18

ITEM DESCRIPTION

VALVE, RELIEF AND MANUAL SHUTOFF, NORMALLY CLOSED

CAP, SEALING

DISCONNECT, (ONE CONNECTION)

LEGEND

O HUMAN OPERATION

[] MECHANICAL OPERATION

O/C OPEN OR CLOSED

Figure 8.6 Back Pack Oxygen Supply, Logic Diagram
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_ _

---- I r---7 i IOXYGEN l J 5 24B
PRESSURE PEI_k....

AVAILABLE r_ o /t_ j

L J L----__I
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MANUAL
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MANUAL
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MANUAL
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CLOSED

MANUAL
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RELIEVES

5.23B F
RELIEVES

I
I

J_ 5.25

5.2C O/C
o/c

AUTOMATIC

i---J
I

S/TM i--.,-4 CLOSED

_qL _

r _F@'II I
DECREASES

I I
L2_J

5.14

OPERATES

I
I
I
l

J_ 5.18C

o/c
MANUAL

L_
1

CREWSAFETY

5.22A

o/c
MANUAL

5.22B

o/c
MANUAL

i

5.22A

o/c
MANUAL

5.22B

o/c
MANUAL

HOXYGE N 5.15
PRESSURE
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5.2B H
CLOSED

I

5.12

CLOSED

5.2B

CLOSED

5.22C F
HEATS

5.12 tT
CLOSED

I
I

ETY

COMPONENT
ITEM DESCRIPTION

NUMBER

5.1

5.2

5.10

5.12

5.14

5.15

5.18

5.19

5.22

5.23

5.24

5.25

11.2

DISCONNECT, SELF-SEALING, NORMALLY CLOSED

VALVE, CHECK, PRESET, NORMALLY CLOSED

WATER TANK, BLADDER

FREON QUICK-DISCONNECT VALVE

HEAT EXCHANGER, GLYCOL-WATER PARALLEL FLOW

WATER TANK, BLADDER

WATER SHUTOFF VALVE

WATER TANK PRESSURE RELIEF VALVE

POTABLE WATER SUPPLY ASSEMBLY

SUPPLY VALVE (2)

HEATER

WATER PRESSURE RELIEF VALVE

TANK PRESSURE CONTROL AND RELIEF VALVE

FREON FLOW VALVE

SENSOR, WATER QUANTITY

O = HUMAN OPERATION

[] = MECHANICAL OPERATION

S/T/I = SENSES, TRANSMITS, AND INDICATES

= QUANTITY

NOTE:

A, B, C, ETC., AFTER COMPONENT NUMBER INDICATES

POSITION IN CIRCUIT OF SUCCESSIVE IDENTICAL

COMPONENT

Figure 8.7 Water Regulation, Logic Diagram
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8.2.8

8.2.9

Mission success and crew safety reliability for the cold-plate cir-

cuit have been apportioned at 0.99995 and 0.999999, respectively.

Waste Management System

The waste management system's purpose is to provide control of human

waste. The system's function may be broken down to provide the

following functions.

Control of urine by collection, chemical treatment to kill

bacteria, storage, and finally dumping into space.

Control of feces by collection and sanitized storage

Control of debris by collection with a vacuum cleaner

Mission success and crew safety reliability for the waste management

system have been apportioned at 0.999965 and 0.999998 respectively.

Three variations of the waste management system were presented by the

design group for reliability analysis. The major difference in each
variation is the manner in which the mode selector valve and urine

disposal lock are isolated to prevent inadvertent venting of the

command module atmosphere to space through these components.

In system I, the urine lock is isolated both upstream and downstream

by the mode selector valve, which is, in turn, isolated and backed

up by a simple open-close manually operated valve downstream in the

urine overboard vent line. This system which has the least comp-

lexity conforms to the apportioned reliability and is being developed
for use in Apollo.

System II isolates the urine lock with an upstream solenoid valve
and the mode selector valve downstream. The mode selector valve is

in turn backed up by manual on-off valve downstream in the urine
vent line.

System IIIemploys a solenoid valve upstream from the urine lock, a
solenoid valve downstream to prevent liquid (urine) flow, and a mode

selector valve to prevent gas flow. The upstream solenoid valve and

mode selector valve are backed up for atmospheric venting by the
downstream solenoid valve.

Failure Effects Analysis

The results of the failure effects analysis performed on the ECS,

schematic "E" change, are presented in Table 8.2
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8.3

8.3.1

qUALIFICATION TESTS

Complexity of the subsystem and its circuits with many components

not in a common housing make qualification as a system difficult.

For this reason, the subcontractor qualification program has been

designed at the component, package and system level. The sub-

contractor will deliver the system on a component and package level
to S&ID where they will be mounted in command module structures and

again be tested as a system in boilerplates and airframes.

Test-Oriented Reliability Logic Diagram

Figure 8.8 depicts the test-oriented reliability logic diagram for

the ECS. The logic diagram will aid in establishing test continuity
and in programming the collection of data for the assessment of

reliability by illustrating the interfaces of the system circuits
and components.

"R'"UR"'U'TH WAT'R-OL¥coLL__!C'M"R"SU"EH" H WATFR I--CIRCUIT CIRCUIT l I AND TEMP REGULATION REGULATION
CONTROL

8.3.2

Figure 8.8 ECS Test Oriented Reliability Logic Diagram

Criticality and Hardware Requirements

Table 8.3 designates the criticality class, as defined in subsection

2.A of SID 62-109-3, for the components of the ECS. The table enum-

erates the hardware requirements for a minimum qualification program
as established in subsection 2.5 of SID 62-109-3. The location of

the components in the spacecraft is indicated by spacecraft zone
numbers as defined in subsection A.2 of SID 62-109-3.
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Table 8.3 ECS Parameters for Qualification Testing

Component

Suit circuit

Water-glycol

C/M pressure and

temperature control

Oxygen regulation

Water regulation

S/C Zone

i

I

i

1

1

Criticality

1

1

1

1

1

Required
Hardware

3

3

3

3

3

8.3.3 _ualification Test Schedule

Environmental Control System

Figure 8.9 displays the qualification test schedule for the ECS and

defines the test utilization of the hardware enumerated in Table 8.3.

The specific test levels to be applied in qualification testing are
found in the tables of environmental test criteria in subsection &.2

and are a function of the zone location of the equipment in the space-
craft. These zone numbers are given in Table 8.3.

e_
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m-r m TF_; 9.0

SERVICE PROPULSION _v_'_:".o__,.,.

9.1

9.2

Introduction

Reliability studies of the se_zice propulsion system (SPS) covers a

revision of the reliability allocations on the Aerojet-Oeneral engine

subsystem, a detailed failure effects analysis, a comparative analysis

of various propellant utilization systems, and an analysis of a

parallel feed system for SPS propellants.

The se_ice propulsion system predicted and apportioned reliability

values were calculated and the rest_!ts are shown in Table 9.1.

Co._i_aration Analysis

_ae se_zice module se_-ice propulsion system is comprised of the

following subsystems: helium pressurization, propellant feed, propel-

l_nt utilization, and engine. The purpose of the service propulsion

system is to provide thrust vector orientation and AV for r_dcourse

corrections, lunar orbit "_ _4z,_ec_on, and transearth injection.

The he!i,&m pressurization subsystem supplies regulated heii_m to the

propellant feed system mud isolates the fuel and oxidizer vapors

during coast.

;.;e propellant feed system, in turn, supplies pressurized fuel to the

engir_e control valves and propellants to the rocket engine.

The orope!lant utilization "_ _-_. s_s_m allows the crew to adjust the

fuel to o:idizer ,_z_ure ratio, so that the propellants will be

rmintained at the proper ratio and reduce the residual propell_uts to

a m_uim_m.

Service propulsion system component failure rates used to calculate

the system predicted reliability and apportioned reliability are

sho_ in Table 9.1.

The effects of substitutLug a _anually operated system for the auto-

matic propellant utilization system in the service module service

propulsion system was evaluated. A comparison of reliabilities using

the two systems is sho_n in Table 9.2.

The reliability requirements of 26 x iC-6 must be met by whichever

system is selected. A prope]_lant quantity Ludicating system is a

_._LinLm'_mrequirement to assist the crew i_u abort decisions.
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Deletion of the flow control requirements altogether would require

that excess propellants be loaded to account for the variables

introduced by engine, oxidizer fuel ratio, engine and propellant feed

system mismatch and possible change in P during the mission. The

automatic propellant utilization system is designed to maintain the

residual propellants at lO0 pounds. The propellant quantity gaging

system alone would need an excess of _50 pounds of excess propellants.

The reduced complexity of the system would reduce the probability of
failure to 5 per 106 missions. On this basis, the ratio of system

reliability to increase in residual propellants weight is 6 x 10-8

per pound of residual propellants (Table 9.2). The control and valve

comprise approximately 1/3 of the total propellant utilization system

weight. The manual flow control system is more complicated thsn the
gaging system, with an apportionment of 20 per 106 missions (Table 9.2).

A .manual system, designed to maintain the residuals at 1OO pounds over

the av¢6matic system, has a ratio of system reliability to increase

in residual of 6 x 10-8 per pound of residual propellant, with a

decrease in propellant utilization system weight of 15 pounds. The

difference in residual weight of the Apollo spacecraft effected by
use of the .manual propellant utilization system over qua_ntity indi-

cating gaging only would be approximately 235 pounds.

The service module SPS parallel feed system approach to CG control

after zero-g environment will be satisfactory, even though slight

les/-,agepast the tank outlet check valves may occur. Major loss of

propellant from one tar/< to the other is critical; therefore, the

parallel feed system must have parallel check valves at the outlet of

each tank for reliability. A second approach using a floating-ball,

antitransfer device was reviewed for test requirements to demonstrate
a probability of failure of 2 x lO-6.

S_mary of Failure Effects Analysis

The individual components of the service propulsion system were

analyzed and the failure modes determined. The effects of redundancy
in eliminating most critical failures is shown in the failure effects

analysis, Table 9.3. Other components which could cause catastrophic

failure and where redundancy is not practical show up as affecting
the Apollo spacecraft. These components, however, require a high

reliability, and the current predicted and apportioned reliability

are nearly the same.

qualification Test

The qualification test plmn for the service propulsion system will
include environmental tests on components and the complete engine.

It will consist of a sea level phase and a simulated altitude phase.

Each test will employ an engine equipped with a thrust chamber that
had been fired for a duration which did not exceed 30 seconds and an

injector that had been fired for less than 18CO seconds. Some tests
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_zill be conducted under abnormal conditions and enviro_Jnents for

e:¢_ended periods to exhibit equipment design margin capabilities.

Selection of the number of engine tests is based on the requirements

to assess engine capabilities under sLmulated mission enviro_,lents
and off-l£mit operating conditions.

Test-Oriented Reliability Logic Diagrmn

Figure 9.1 depicts the test-oriented reliability logic diagram for

the se_,ice propulsion system. The logic diagram will aid in

establishing test continuity and in prograz_,_ng the collection of

data for the assessment of reliability by illustrating the interfaces

of system components and subasse_._lies.

Criticality and Hardware Requirements

Service Propulsion System Engine

Table 9.A designates the criticality class, as defined Ln subsection

2._ of SID 62-109-3, (General Test Plan, Research and Development,
Ground Qualification Tests) for the components of the service pro-

pulsion engine. The table enumerates the hardware requirements for a

minimumqualification program as established in subsection 2.5 of

the above reference. The location of the components in the spacecraft

is indicated by spacecraft zone n_mbers as defined in subsection &.2
of the reference above.

Propellant Feed

Table 9.5 designates the criticality class, as defined in subsection

2._ of SID 62-109-3, for the components of the service propulsion

system propellant feed. The table enumerates the hardware require-

ments for a min_ur_ qualification program as established in subsection
2.5 of SID 62-109-3. The distribution of the hardware through the

subsystem qualification test phases, as described in subsection 2.3

of SID 62-109-3 is shown. The location of the components in the

spacecraft is indicated by spacecraft zone numbers as defined in
subsection _.2 of SID 62-109-3.

Qualification Test Schedule

Service Propulsion Eng'ID.2

Figure 9.2 displays the qualification test schedule for the service

propulsion system engine and defines the test utilization of the

hardware enumerated in Table 9.A. The specific test levels to be

applied in qualification testing are found in the tables of environ-
mental test criteria in subsection _.2 of SID 62-109-3 and are a

function of the zone location of the equipment in the spacecraft.

The zone number is given in Table 9.A.
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Table 9.h SPS Engine Parameters for Qualification Testing

Thrust Chamber

Valves

Actuator

Mount

Lines

Nozzle

Injector

COMPONENT S/C ZONE [ CRITICALITY REQUIRED HARDWARE

3 ]-
3 1
3 1
3 i l
3 _ I

3 ',, I

2h

13
]4
II

ll

6
12

Table 9.5 SPS Propellant Feed Parameters for Qualification Testing

COMPONENT

Heat Exchangers

Disconnects

Valves

Regulators

Tanks (3 tyoes)

i
s/c zoNE

3

3

3

3

CRITICALITY

I

_QUIRED

HARDWARE

7

QUALIFICATION TEST
PHASE DISTRIBUTION

A-I A-2 B

3 i 3

3

3

3

I

J+

h

h

h

i i 2

I I 2

I I 2

h h o
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9 ._.3.2 Propellant Feed

Figure 9.3 displays the qualification test schedules for the SPS

propellant feed components and defines the test utilization of the
hardware enumerated in Table 9.5. The specific test levels to be

applied in qualification testing are found in the tables of environ-
mental test criteria in subsection _.2 of SID 62-109-3 and are a

function of the zone location of the equipment in the spacecraft.

The zone number is given in Table 9.5.
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WEEK NO.

COMPONENTS TEM

2

HEAT EXCHANGER_ OXIDIZER 3

HEAT EXCHANGER, FUEL 4

5

6

7

I

2

VALVE, CHECK
3

VALVE*. RELIEF, HELIUM

REGULATOR, PRESSURE, HELIUM

VALVE, SOLENOID, HELIUM

1
GROUND
HALF 2

DISCONNECT, FILL, HELIUM 3
DISCONNECT, TEST, HELIUM
DISCONNECT, FILL, OXIDIZER
DISCONNECT,, TEST, OXIDIZER 4

DISCONNECT, VENT*. OXIDIZER
DISCONNECT,. FILL*. FUEL 1

DI.SCONNECT, TEST, FUEL 2
DISCONNECT, VENT, FUEL

AIRBORNE 3
HALF

4

CONNECTOR, FUEL

CONNECTOR, OXIDIZER

SPS QUANTITY GAGING
AND INDICATOR SUBSYSTEM

2 6 8 9 17

18 6 8 9 6 12

'°1 'll I21'31"1 l'l ,,I ,,
LEGEND

1 ACCEPTANCE
2 HUMIDITY
3 ELECTROMAGNETIC INTERFERENCE
4 EXPLOSIVE ATMOSPHERE

5 ACCELERATION
6 VIBRATION

7 ACOUSTICS
8 TEMPERATURE, HIGH
9 TEMPERATURE, LOW
10 VACUUM

I1 SHOCK
12 BURST PRESSURE

13 VACUUM, TEMPERATURE
14 VIBRATION, ACCELERATION
15 VIBRATION, TEMPERATURE

16 PERFORMANCE
17 SURGE PRESSURE
18 FLUID COMPATIBILITY

I I 2 6 5 8 9 10 6 12

2

6 5 8 9 16 12

3 4 6 5 8 9 16 12

I 2 18 11 89 16 11 12

3]Z3Z32 Z Z]

1&2 1 18 2 6 8 9 12

3&4

5

6 & 7 I"_-_[_'T_

I - 7 I IB 2 16 11 7 6 5 10 12

Figure 9.3 Propellant Feed Components (Less Tanks)

Test Schedule (Sheet i of 2)

Qualification
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SECTION i0.0

STABILIZATION AND CONTROL

i0. i

i0.2

Summary

Equipment of the stabilization and control subsystem are constantly

being subjected to reliability analyses to ensure that each component

attains its optimum reliability. Because of the complexity of the

subsystem, problems have arisen. Failure effects analyses, circuit

analyses, and sparing versus operational redundancy have been performed

to realize solutions for these problem areas.

Analysis

Analyses have been performed by Minneapolis-Honeywell, which indicate

that the mission success reliability apportionment can be met with a

reasonable complement of on-board spares.

The preliminary subassemblies for this equipment have been determined,

and configuration breakdowns are shown in Figures i0.i through 10.22.

A comparison of failure rates and weights of each subassembly being used

by NAA/S&ID and Minneapolis-Honeywell are shown in Table i0.i. The logic

used in this configuration is oriented toward maximum compatibility with

the equipment mission-phase logic diagrams for safe abort.

Table i0.i Comparison of NAA/S&ID and

Minneapolis-Honeywell Failure Rates

Subassembly

Accelerometer

Accelerometer amplifier demodulator

Accelerometer integrator

Accelerometer mode select power

supply

Accelerometer TC amplifier
oscillator

Qu&n-

tity

i

i

i

i

1

Failure Rates

x lO-6 (hr)

NAA

125.0

2.49

4.5

17. o52

2.746

M-H

50.0

4. 317

2.811

1.989

We i ght

(lb)
Each

0.62

0.75

1.5

1.5

0.75
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Table iO.i Comparison of NAA/S&ID and

Minneapolis-Honeywell Failure Rates (Continued)

Subassembly

Roll body gyro

Pitch body gyro

Yaw body gyro

Roll Preamplifier buffer amplifier

Pitch Preamplifier buffer amplifier

Yaw Preamplifier buffer amplifier

Attitude gyro power supply

Roll torque amplifier demodulator

Pitch torque amplifier demodulator

Yaw torque amplifier demodulator

Roll TC amplifier and temperature

override

Pitch TC amplifier and temperature

override

Yaw TC amplifier and temperature

override

Attitude error and switch

Gain network

Attitude error indicator

Attitude rate indicator

Attitude rate pitch

Attitude rate roll

Quan-

tity

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

Failure Rates

X 10-6 (hr)

NAA

15o.o

15o.o

15o.o

2.353

2.353

2.353

1.13

2.659

2.659

2.659

10.372

10.372

10.372

24.879

0.108

42.506

7.284

13.919

13.919

M-H

200.O

200.0

200.0

1.367

1.367

1.367

6.305

4.002

4.002

4.002

8.213

8.213

8. 213

6.174

37.239

31.313

6.125

6.125

Weight

(ib)
Each

1.2

1.2

1.2

o.75

o.75

o.75

o.75

o.75

o.75

o.75

o.75

0.75

0.75

0.75

0.75

3.5

3.5

O. 875

O. 875

a A I . p I llllp I lllllllILl
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Table i0.i Comparison of NAA/S&i-D and

Minneapolis-Honeywell Failure Rates (Continued)

Subassembly

Attitude rate yaw

Summing network

Total attitude indicator

Amplifier demodulator

+40 v d-c regulator (A)

Logic

Motor coil driver

Mode select logic

Resolver assembly

A-c and d-c rectifier

+20 v d-c regulator

Gimbal position indicator

electronics

Delta velocity display

Delta velocity on-off electronics

Delta velocity ullage electronics

Attitude

Attitude

Attitude

Roll d-c

Pitch

gyro roll demodulator

gyro pitch demodulator

gyro yaw demodulator

amplifier

d-c amplifier

Quan-

tity

Failure Rates

X 10 -6 (hr)

NAA

13.919

0.108

420.771

2.754

0.731

4.146

1.728

16.897

372.0

0.839

1.33

25.638

73.321

M-H

6.125

6.174

79.869

1.614

m

9.972

2.559

158.0

4.348

0.607

20.327

44.815

i

i

i

i

i

i

i

32.35

8.818

i1.799

11.799

11.799

6.982

6.982

l.

6.

6.

6.

2.

2.

778

625

625

625

249

249

Weight

(lb)
Each

O. 875

0.5

3.5

0.6

0.6

0.6

0.6

0.6

6.6

0.6

0.6

0. 625

2.5

0.88

1.0

0.6

0.6

0.6

0.6

0.6

..i,
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Table i0.i Comparison of NAA/S&ID and

Minneapolis-Honeywell Failure Rates (Continued)

Subassembly

Yaw d-c amplifier

Engine thrust electronics

Roll rate gyro demodulator

Pitch rate gyro demodulator

Yaw rate gyro demodulator

Roll mode select logic

Pitch mode select logic

Yaw mode select logic

Roll a-c and d-c power transformer

Pitch a-c and d-c power transformer

Yaw a-c and d-c power transformer

Roll mode power relay

Pitch mode power relay

Yaw mode power relay

Roll d-c regulator

Pitch d-c regulator

Yaw d-c regulator

Yaw monitor and filter

Pitch monitor and filter

Yaw driver amplifier (A)

Quan-

tity

i

i

i

i

i

i

i

i

i

i

i

i

i

i

2

2

2

i

i

I

Failure Rates

X 10 -6 (hr)

NAA

6.982

0.976

12.732

12.732

12.732

16.897

16.897

16.897

2.843

2.843

2.843

15.o

15.0

15.o

1.33

1.33

1.33

4.946

4.946

1.572

M-H

2.249

2.498

6.637

6.637

6.637

10.045

14.756

16.668

5.483

5.483

5.483

2.219

2.219

2.219

5.483

5.483

5.483

7.048

7.048

1.267

Weight

(lb)
Each

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.6
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Table i0.i Comparison of NAA/S&ID and

Minneapolis-Honeywell Failure Rates (Continued)

Subassembly

Yaw driver amplifier (B)

Pitch driver amplifier (C)

Pitch driver amplifier (D)

Yaw integrator

Pitch integrator

Yaw rate and servo demodulator

Pitch rate and servo demodulator

Attitude error electror_ics

Quan-

tity

i

i

i

i

i

4

4

1

Failure Rates

x lO-6 (hr)

NAA

i. 572

i. 572

i. 572

9.528

9.528

5.954

5.954

14.o

M-H

1.257

1.267

1.267

0.327

0.327

7.308

7.308

16.289

Gimbal position indicator

Level detector

Minimum impulser

Rate gyro electronics

Roll rate gyro

Pitch rate gyro

Yaw rate gyro

Reaction jet driver

Back-up entry switch

Channel disable

Deadband adjust

Mode select

i

i

i

i

i

i

i

16

1

1

i

1

31. 906

0.54

5.0

0. 971

15o.o

15o.o

15o. o

1.74

48.8

48.8

24.2

13. 075

22.237

4.7o2

i00.0

i00.0

i00.0

4.528

o.o9

1.2

o.o3

5.084

Weight

(lb)

Each

o.6

0.6

0.6

0.6

0.6

0.6

0.6

0. 875

2.0

0.6

2.0

1.0

0.62

0.62

0.62

0.6

1.95

1.95

1.95

1.95

eL
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Table i0.i Comparison of NAA/S&ID and

Minneapolis-Honeywell Failure Rates (Continued)

Subassembly

Translational control

Three-axis rotational control,

direct

Three-axis rotational control,

normal

Universal miscellaneous

Universal power supply

Quan-

tity

2

2

i

i

Failure Rates

X i0 -6 (hr)

NAA

4.15

7.7

27.8

24.176

0.585

M-H

1.05

1.518

7.862

5.072

11.528

Weight

(ib)
Each

9.0

2.25

9.6

0.942

1.125

Several thrust vector control servo-amplifier circuits of the ECA equipment

have been analyzed to determine the redundancy required to achieve appor-

tioned reliability requirements. The results indicate that part (transistor)

redundancy does not allow the apportionment to be met. Table 10.2 shows the

apportioned, predicted (Apollo preferred), and part (transistor) redundant

reliabilities of the thrust vector control circuits, as analytically

determined.

Table i0.2 Thrust Vector Control Circuit Apportionment

and Predictions

Amplifier

A4

A5, A6

A7, A8

Total

Apportioned

Reliability

0.9999998

0.9999998

0.9999999

O.9999995

Mission Success

Predicted

Reliability

(Apollo preferred)

0.9999964

0.9999966

0.9999969

0.9999899

Reliability with

Part (transistor)

Redundancy

0.9999989

O.9999992

O.9999995

o.9999976
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Figure 10.2 Body-Mounted Attitude Gyro
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Figure 10.6 Electronic Control Assembly, Pitch Yaw



NORTH AMERICAN AVIATION, INC.
SPACE and I NFOR._IATION SYSTE_IS DIVISION

CONFIDENTIAL

Vol_me : AP_- i0

Section: i0

Page : i0. ii

Date : i0-15- 63_
Rev. Date: r

I
4

E

I
2
4

_m
OE

)-

I

Z

Q.

I

7,

4

I
o

4

E

I

45

Ei

I
i

o

,.,o
Z _45

1
o

40

I
u,.

_m

I

4

4

I
0

_A

45

E

I
o

45

E

I
o

_o

_3

I
o

I

_g

U _-

E

o
40

©

do

J

r--t

r_

o

-o

©
r_

oH

o

4_

(I)

b--

d

(1)



NORTH AMERICAN AVIATION, INC.

SPACE and INFORMATION SYSTEMS DIVISION

Volume : ARM- i0

Section: i0

Page : i0.12

Date: i0-15-63

Rev. Date :

TOTAL ATTITUDE

I NDICATOR

ATTITUDE ERROR

ELECTRONICS

ATTITUDE ERROR

AND SWITCH

GAIN NETWORK
SUMMING

NETWORK

ATTITUDE ERROR

INDICATOR

UNIVERSAL

POWER SUPPLY

UNIVERSAL

MISCELLANEOUS

Figure I0.8 Flight Director Attitude Indicator

ATTITUDE

RATE PITCH

ATTITUDE

RATE YAW

ATTITUDE

RATE TOLL

ATTITUDE

RATE INDICATOR

UNIVERSAL

POWER SUPPLY

UNIVERSAL

MISCELLANEOUS,

Figure 10.9 Flight Director Rate Indicator
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Figure i0.i0 Attitude Gyro Coupling Unit
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Figure 10.16 Reaction Jet Drivers_ Service Module
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Table 10.3 shows the latest analytically determined reliability pre-

dictions of the SCS on the component level based upon updated parts count

on the subassembly level. The operating times for the components were

derived from logic diagrams and the Apollo L0R Mission Profile.

10.2.1 Failure Effects Analysis

The results of preliminary failure effects analysis of the stabilization

and control subsystem at the equipment level are given in Table 10.4.

10.3 Subsystem Description

A typical reliability logic diagram of the SCS broken down to the sub-

assembly level for the navigational sighting function, is shown in
Figure 10.23.

The diagram shows the series constraints of the subsystem and the

redundancy on the subassembly level. The operational modes are the basis

of this configuration. They are as follows:

. A signal is generated from the guidance and navigation subsystem

and sent into the SCS through the ECA pitch, roll and yaw, which

is comprised of the following series subassemblies: roll, pitch,

yaw, demodulators; roll, pitch, yaw dc amplifiers; and roll,

pitch, yaw mode select logic. For these subassemblies to function,

the following series elements must also function for power supply

and regulation: roll, pitch, yaw ac and dc power transformers;

roll, pitch and yaw mode power relays; and roll, pitch and yaw dc

regulators. These subassemblies perform an attitude hold function

in conjunction with the input from the rate gyro package consist-

ing of the following series elements: rate gyros roll, pitch,

yaw; and rate gyro electronics. Rate gyro inputs can be backed

up by the body mounted attitude gyros when they are in the rate

mode and consist of the following series elements: roll, pitch

and yaw gyros; roll, pitch and yaw pre-amplifier buffers;

attitude gyro power supply; roll, pitch, yaw torque amplifier

demodulators; and the roll, pitch and yaw temperature control

amplifier and temperature override. After the signal goes through

limiting and other circuitry, it culminates in the reaction jet

drivers which in turn drive the reaction jets of the RCS. The

spacecraft attitude can be kept in a 5 or 0.5 degree deadband in

any of the three axis.

. This function can also be accomplished by switching to the SCS

hold mode which requires the use of the SCS control panel. The

panel is comprised of the following series elements: channel

disable, deadband adjust, and mode select. This places the

body mounted attitude gyros in the attitude mode and replaces
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10.4

the signal generated from the navigation and guidance

subsystem. In conjunction with the body mounted attitude,

gyros, the following series elements are also needed:

roll, pitch, yaw amplifier demodulators; roll, pitch, yaw

logic; +40 volts dc regulator; +21 volts dc regulator;

resolver assembly; motor-coil drivers; mode select logic; and

ac and dc rectifier. Again in this mode all the electronic

control subassemblies must be included in the series configuration.

3. In order to rotate the spacecraft, either of the two three-axis
rotational controls are utilized.

A brief description of all SCS equipment is shown in Table 10.5.

Special Studies

NAA/S&ID and Minneapolis-Honeywell have completed preliminary in-flight

spare studies. These studies were conducted with the realization of the

spare weight restraints and the mission success reliability requirements.

Certain specific areas of the over-all reliability have shown definite

improvement as compared to previous estimates. This is due to the

inherent redundancy of functioning subassemblies within the stabilization

and control subsystem.

Table 10.6 shows a preliminary list of the subassemblies spared and

their weight. This is a result of the first preliminary spares study.

This study will continue until a reliability estimate has been made

showing the results of the spares study.
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Table 10.5 Stabilization and Control Subsystem Equipment

Equipment

Rate gyro package

Attitude gyro, accelero-

meter package

SCS control panel

Electronic control

assembly, pitch axis

Electronic control

assembly, roll axis

Function

Contains sensing elements and circuitry

to provide and display angular rate

stabilization.

Provides angular displacement signals

for control and display. The body mounted

accelerometer will provide x-axis

acceleration data for delta velocity dis-

play and entry switching.

Provides selection of any of the space-

craft control modes to adjust the deadband_

to disable and re-enable the SCS outputs

by channels to select the attitude gyros

as a back-up rate source by channel, and

to select the post O.05-g switching

configuration during entry modes.

Contains circuitry for resolving,

summing, shaping, and switching of the

pitch channel sensors and manual input

signals required to control the operation

of the pitch reaction jets for the service

module and the command module. The pitch

channel circuitry also controls the pitch

channel of the propulsion engine thrust

vector circuits for the service module,

and will provide pitch channel circuit

isolation and signal conditioning elements

required for ground and in-flight checkout,

n_onitoring, and telemetry.

ContaSns circuitry for resolving, shaping,

and switching of the roll channel sensors

and manual input signals required to

control the operation of the roll reaction

jets for the service and the command modules.

The roll channel will also provide roll

channel circuit isolation and signal con-

ditioning elements required for ground and

in-flight checkout, monitoring, and telemetry.

...... _'_Y i,i-:""
uu,,, ,,.,,-,,,,_,,-
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Table 10.5 Stabilization and Control Subsystem Equipment (Continued)

Equipment Fun ct ion

Electronic control

assembly, yaw axis

Electronic control

assembly, auxiliary

Electronic control

assembly, display

and attitude gyro and
accelerometer

electronics

Flight director

attitude indicator

Attitude set and gimbal

position display

Contains circuitry for resolving, summing,

shaping, and switching of the yaw channel

sensors and manual input signals required

to control the operation of the yaw reaction

jets for the service and command modules.

The yaw channel circuitry also controls

the yaw channel of the propulsion engine
thrust vector circuits for the service

module, and provides yaw channel circuit

isolation and signal conditioning elements

required for ground and in-flight

checkout_ monitoring, and telemetry.

Contains circuitry and components to

provide propulsion engine on-off control_

mode select logic, signal conditioning,

attitude gyro coupling_ and spin motor
rotation detection.

Contains circuitry and components for

the flight director attitude indicator,

delta velocity display, and the attitude

set and gimbal position display.

Circuitry for the body-mounted attitude

gyros and the x-axis accelerometer
will also be included.

Displays spacecraft altitude and attitude

errors from the Guidance and Navigation

and SCS subsystems and angular rate iH-

formation for manual control and

monitoring purposes.

Provides circuitry and components to

enable the pilot to align the attitude

indicator during SCS local vertical or

SCS attitude control modes, to set and

insert Euler angles so that the differences

between these angles and the attitude

gyro coupling unit shaft positions appear

on the attitude error indicators as body-

referenced error angles_ to display the
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Table 10.5 Stabilization and Control Subsystem Equipment (Continued)

Equipment Fun ct ion

Attitude set and gimbal

position display

(Continued)

Delta velocity display

Translational control

Three-axis rotational

cont rol

angular position of the pitch and yaw

SPS engine gimbals, and to provide a

manual control device for engine gimbal

positioning.

Displays delta velocity magnitude

remaining for pilot monitoring and

control purposes, manually inserts the

desired delta velocity magnitude into the

display electronics package_ displays

and initiates thrust on and off signals

to the SPS engine, inserts tail-off

corrections, and initiates direct ullage

command s.

Provides individual or simultaneous

outputs for +X, +Y, and +Z acceleration

commands without cross coupling and

provides a signal for manual SPS
thrust-off command.

Provides simultaneous multi-axis

actuation without cross coupling,

provides proportional rate commands

for ±p, _q and ±r with a threshold

command of 0.i degree per second and

a maximum command of 17 degrees per

second, provides direct commands for

+P, +q and +_, and provides switching

signals by channel to indicate with

the SCS electronics presence of either

normal or emergency commands.
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Table 10.6 Preliminary Subassembly Spares List

Num- Weight

Component Subassembly bet (ib)

Delta velocity display 2 1.75

Electronic control

assembly, roll;
electronic control

assembly, pitch yaw

Electronic control

assembly_ thrust

vector

Attitude gyro coupling

unit

Delta velocity on-off

electronics

Delta velocity ullage

electronics

Attitude gyro demodulator

D-c amplifier

Rate gyro demodulator

Mode select logic

A-c and d-c power
transformer

Mode power relay

D-c regulator

Monitor and filter

Integrator

Amplifier demodulator

+40 v d-c regulator

Logic

Motor coil driver

Mode select logic

Resolver assembly

A-c and d-c rectifier

+20 dc regulator

2

i

i

i

i

i

i

i

4

4

i

i

i

i

i

i

i

i

2.00

0.60

o.6o

o.6o

0.60

0.60

0.60

0.60

2.40

2.40

0.60

0.66

o.6o

o.60

o.6o

o.6o

o.6o

o.6o
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Table 10.6 Preliminary Subassembly Spares List

Component

Electronic control

assembly_ thrust

Gimbal position

indicator

Minimum impulser

Rate gyro package

Accelerometer

package

Body-mounted

attitude gyro

Delta velocity display

Subassembly

Engine thrust electronics

Gimbal position indicator

electronics

Gimbal position indicator

Minimum impulser

Rate gyro

Rate gyro electronics

Accelerometer

Accelerometer amplifier

demodulator

Accelerometer integrator

Accelerometer mode

select power supply

Accelerometer temperature

control amplifier oscillator

Body gyro

Preamplifier buffer amplifier

Attitude gyro power supply

Torque amplifier

demodulators

Temperature-controlled

amplifier and temperature

override

Delta velocity display

Continued

NLLm-

her

4

2

i

2

i

i

i

2

2

2

2

2

Weight

(lb)

2.40

1.25

4.00

2.00

1.24

1.00

0.62

o.75

1.50

1.5o

0.75

2.40

1.5o

1.5o

1.50

1.50

5.00
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Table 10.6 Preliminary Subassembly Spares List (Continued)

Component

SCS control panel

Universal power

supply

Subassembly

Channel disable

Deadband adjust

Mode select

Universal miscellaneous

Universal power supply

Num-

ber

Weight

(lb)

3.90

3-90

3.9o

2.83

3.38

i0.5 Development Tests

Breadboard development tests of operational and switching amplifiers,

reaction jet drivers_ thrust vector control amplifiers, power

supply_ flip-flop circuits and DV oscillators to determine stability

and performance under both ambient and temperature conditions were

conducted during the quarter. The testing necessitated design

modifications in some areas to achieve desired performance.

Life tests on components of the miniature integrating attitude

gyros were initiated during the quarter. The spin motor running

detector and the dualsynhave already completed six weeks of test-

ing without any failures being reported. These development tests

will determine the gyro's life expectancy.

Life tests on FDAI components also have been initiated. A slip

ring assembly completed 150;000 cycles without failure and 5 servo

amplifiers have successfully completed ambient and temperature

tests.

The following number of materials have already completed the

materials test program: gassing tests, 154; flammability tests,

78; high temperature aging, 108, and vacuum testing, 34. This

testing will be continued. Parameter variation tests of critical

circuits and application suitability tests of electronic parts

will also be continued.
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10.6

io.6.1

lO.6.2

io.6.3

10.6.4

Subsystem Qualification Tests

Scope

The SCS qualification program has been designed to qualify the stabili-

zation and control subsystem for Apollo use while optimizing qualification

test costs. The tests will accomplish all engineering objectives and will

provide S&ID with data to be integrated with all other ground and flight

test data for reliability assessment purposes. The tests will be performed

by the SCS subcontractor, Minneapolis-Honeywell Regulator Company, at

their Aeronautical Division in Minneapolis, Minnesota. Honeywell will

perform the tests, report and analyze failures, propose corrective action_

and furnish S&ID with data to be used for reliability assessment. S&ID

will monitor the tests, assist in failure analysis when necessary, approve

corrective actions, approve qualification results and assess achieved

reliability based on subcontractor-furnished data. The qualification

sample sizes were selected as the minimum required to accomplish program

objectives and represent the optimum hardware usage. Time and schedule

constraints have necessitated the use of additional packages to bring the

total sample size to six complete systems in cases where all systems are

undergoing concurrent testing.

Reliability Assessment Model

Figure 10.24 depicts the reliability assessment model for the S&C system.

The model will aid in establishing test continuity and in programming the

collection of data for the assessment of reliability by illustrating the

reliability and functional interrelationships of the system components.

Criticality and Hardware Requirements

Table 10.7 designates the criticality class, as defined in subsection 2.4

of SID 62-109-3 for the components of the SCS. The table enumerates the

hardware requirements for a minimum qualification program as established

in subsection 2.5 of SID 62-109-3. The distribution of the hardware

through the subsystem qualification test phases, as described in subsection

2.3 of SID 62-109-3, is shown. The location of the components in the

spacecraft is indicated by spacecraft zone numbers as defined in subsection

4.2 of SID 62-109-3.

Qualification Test Schedule

Figure 10.25 displays the qualification test schedule for SCS and defines

the test utilization of the hardware enumerated in Table 10.7. The specific

test levels to be applied in qualification testing are found in the tables

of environmental t@st criteria in subsection 4.2 of SID 62-109-3 and are a

function of the zone location of the equipment in the spacecraft. These

zone numbers are given in Table 10.7.

O
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Table 10.7 System Parameters for Qualification Testing

Component

Rate gyro

package

Attitude gyro
and accelero-

meter package

Electronics

control

assembly

ECA - Pitch

ECA - Roll

ECA - Yaw

ECA - Auxiliary

ECA - Display

Gimbal position
indicator

Three-axis-

rotational

control

Translation

control

V display

Flight director
attitude

indicator

SCS control

panel

S/C Zone

2

2

2

2

2

2

Criticality

i

i

I

i

i

2

2

2

2

2

2

i

Required

Hardware

6

6

6

6

6

6

6

6

Qualification

Test

A-I

3

3

3

3

3

Phase

A-2

2

2

2

2

2

2

2

2

2

2

2

2

Dist.

B

4

2

3

*Samples for off limit tests are refurbished units from design proof test (A-I)
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SECTION ll.O

GUIDANCE AND NAVIGATION

ll.l

ll.2

Sumna_y

Studies related to the guidance and navigation subsystem presently
under way at NAA/S&ID are designed as follows:

. To specify the requirements for the guidance and naviga-
tion system--spacecraft interfaces and over-all

performance and reliabillty--in detail

o To select a spacecraft configuration and an allotment of

on-board spares that will assure the attainment of

Apollo Spacecraft reliability objectives

e To conduct continuous detailed quantitative system

analyses to assess the adequacy of the systems to meet

mission success and crew safety objectives

The objective of these studies is to emphasize the relationship
between reliability and mission operations. Particular attention

is directed toward alternate modes of operation and their effect

on system reliability and backup requirements. Evaluations are

being conducted to optimize the character, as well as the number,
of on-board spares.

Analysis

Analyses performed by NAA/S&ID to determine the predicted

reliability of the guidance and navigation subsystem, based on

Apollo preferred or equivalent high reliability parts, yielded the
results shown in Table ll.1.

Apollo Guidance and Navigation System Reliability Apportionments

and Initial Analysis, MIT Report R-395, included a prediction of

guidance and navigation subsystem reliability based on present

state-of-the-art parts and "design excellence." The results of

this study are shown in Table ll. 2. These data have been included

in the mission simulation analysis.

NAA/S&ID and MIT conducted their studies independently. The

studies indicated that the analytical methods used by NAA/S&ID and

MIT are consistent. As determined by MIT, the prediction of the

basic reliability of the guidance and navigation system is 0.88051
(Table ll.2). This prediction, determined by NAA/S&ID with
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comparable parts, is 0.88_85. On the other hand, a prediction

of the basic reliability determined by NAA/S&ID and based on the

use of Apollo preferred or equivalent high reliability parts was

0.953132 (Table ii.i). While MIT appears willing to accept the

0.8805_ value with the anticipation of using maintenance actions

and spares to reach the 0.99h apportioned value, NAA/S&ID favors

the 0.953132 value because it would serve to minimize in-flight

maintenance and spares replacement. The difference between

NAA/S&ID and MIT, therefore, is not one of technical approach but
rather one of reliability philosophy.

Table 11.3 Inertial Measurement Unit Failure Rate Comparisons

MIT

Listed

Failure

Rate
x lO-6

S&ID

Parts

Counts

Failure

Rate
X 10-6

Equipment

PSA6 Current Switch

PSA6 DC Differential Amplifier

PSA3 AC Differential Amplifier

PSA3 Interrogator

(hr)

7.701

2.756

3.811

5.516

(hr)

7.385

2.775

3.365

5 .AAO

NIT

S&ID

Differ-

ence

-O.316

+O.019

-0.AA6

-0.O76

Apollo

High
Relia-

bility
Failure

Rate_
X i0-°

1.3788

1.3&A

0.73&

0.8_8

PSA3 PIP Calibration Module

PSA3 Gyro Calibration Module

PSA3 Gimbal Servo Amplifier

PSA3 Gimbal Course Align

PSA3 -28-v d-c P/S

1.616

1.716

2.671

3.191

3.82

1.80

1.70

2.625

h.25o

3.5 5

+O.184

-0. 016

-O.O/+6

+1.059

-0.275

0.800

0.760

0.&622

3.0o9

0.h761

Total 32.798 32.885 9.8121

*Using component failure rates frcm NIT listed in Table h, R-395
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The attainment of the reliability objective for mission success

and crew safety requires high reliability parts in mission-

essential equipments of the spacecraft. The importance of this

requirement takes precedence over the function of in-flight

maintenance in the assurance of equipment availability throughout

various mission phases.

Module-L.evel ConfiAnAration Analysis

The analysis during this period consisted of breaking down

equipments of the guidance and navigation system to the module

level. The equipments used in the process of making mid-course

navigational sightings are shown in Figure ll.l. The logic

diagram is preliminary and will be updated as additional infor-
mation is received from NIT.

_nertia I Measurement Unit Failure Rate Comparisons

Comparisons have been made between the failure rate predictions

for nine IMU electronic circuits and predictions based upon

Apollo preferred high reliability parts. The results of the

study are shown in Table 11.3. Included in the table is a list

of circuits with their corresponding failure rates taken from

NIT Report R-395. Failure rates calculated by NAA/S&ID based upon
parts counts and individual part failure rates (NIT Report R-395)

are shown. Since the differences between the MIT failure rates

and the S&ID calculated failure rates indicate a +33 to -12

percent range from MIT numerical values, more than methodology is

apparently involved. It seems imperative that information be

made available, so that Justified accounting can be given for
deviations that may be experienced in the future. Failure rate

predictions anticipated with Apollo preferred high reliability

parts are listed. Results show a significant difference in

reliability representing approximately one order of magnitude.

Failure Effects Analysis

The results of a preliminary failure effects analysis of the

guidance and navigation subsystem at the equipment level are

given in Table ll._.

Subsystem Description (G&N)

Inertial Measurenent Uni$

The inertial measurement unit (IMU) is a three-axis gimbal

assembly designed to space stabilize the stable member (_). The

is supported by the middle gimbal (MG) and free to rotate with

respect to the MG about the inner axis. Similarly, the MG is
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supported by the outer gimbal (OG) and rotates about the middle

axis, and the OG is suoported by the gimbal case (GC) and rotates

about the outer axis.

The SM supports six inertial components (IC) suitably oriented to

each other; these are three size 25 inertial reference integrating

gyros (25 IRIG) and three size 16 pulsed integrating pendulums

(16 PIP). Also mounted on the SM are the necessary gimbal-
mounted electronics (GME) modules associated with these inertial

components.

The SM, MG, and OG are each supported, respectively, in the MG,
OG, and GC by a pair inter-gimbal assemblies (IGA). The inter-

gimbal assemblies consist of a stub shaft, bearings, bearing

support, and such items as torquers, electromagnetic components,

and slip ring assemblies, as are required for the axis in

question.

The axis orientation of the IMU is such that with all gimbal

angles zero (i.e., gimbal axis orthogonal), the inner axis will

be aligned with the spacecraft pitch axis, the middle axis with

the spacecraft yaw axis, and the outer gimbal axis with the

spacecraft roll axis. All axes will have unlimited angular

freedom. To avoid gimbal lock, provision will be made for

accurately reorienting the stable member about the middle axis.

The IMU will be space aligned by means of space sextant infor-

mation, and because of this, the IMU and space sextant will be

mounted in close proximity, with as much rigidity as necessary.

The inertial reference integrating gyroscopes have an angular

momentum of &50,O00 gm-cm 2 sec. These are floated integrating

gyroscopes and geometrically stabilized in the case by the fluid
and the magnetic suspension system (ducosyn). Signal information

is transmitted by a microsyn signal generator. A microsyn torque

generater will be utilized for realigning the IMU in flight and

for preflight erection and alignment. The gyroscope will be

pulse torqued for these alignments.

The accelerometers are pulse-torqued pendulums using the 16 PIP,

as designed for the Apollo mission, and provide velocity
increments of the integrated acceleration. The pendulums are

geometrically stabilized in the case by the flotation fluid and

the magnetic suspension (ducosyn). The pendulum also contains a

microsyn signal generator and torque generator.

The IMU will provide a space stabilized coordinate system and

measure the specific force. It may be used in the initial earth-

launch guidance system. It will be used for rendezvous guidance,

orientation and guidance for injection into the earth-lunar orbit,
mid-course velocity correction measurements, guidance for lunar
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landing and lunar takeoff and guidance for the earth reentry.

Temperature control of the inertial components and heat dissi-

pation for all power consuming items, such as the inertial

components, torquers, and electromagnetic components, will be
designed into the IMU.

Space Sextant

The space sextant will be primarily a visual instrument to be

used by the astronaut to:

I. Measure the angle between line of sight to a star and
line of sight to a landmark on the earth or lunar
surface

2. Measure the elevation of line of sight to a star above
horizon of the earth or moon

3. Detect the occultation of a star by the earth or moon

A. Provide erection signals for the inertial measurement
unit

The instrument, as presently conceived, will consist of an

optical assembly and a controller assembly. The optical assembly

will have two lines of sight--one of which will incorporate high

magnification optics and the other will incorporate low magnifi-

cation optics with a wider field. Means for precise reading of

the angle between two selected lines of sight will be provided.

Articulation of the lines of sight will be accomplished by

rotating the sextant head about an axis (shaft axis) perpendi-

cular to the spacecraft surface and a second axis (trunnion axis)

perpendicular to the lines of sight and the shaft axis. Depend-

ing on the results of research in high vacuum environment, the

instrument will be mounted in the space environment (preferred)

or behind an optically flat window.

Some spacecraft attitude maneuvering will be required to make

sextant readings. The sextant controller will be used by the
astronaut to provide resolved drive signals for the sextant and

spacecraft attitude stabilization system during readings. The

controller will also read the sextant angles into the Apollo
guidance computer.

Scanning Telescope (SCT)

This instrument is essentially an articulated telescope with two

degrees of freedom and a variable focal-length eyepiece, which

adjusts the magnification and field continuously between 1 and 3

power and 60 and 20 degrees, respectively. The SCT is equipped
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with both manual and servo drives. Electrical gear-tooth counter

encoders and mechanical angle counters are provided for automatic
and visual angle readouts, respectively.

The command module SCT is used for acquisition and identification

of celestial bodies and for tracking of landmarks that have high

angular rates with respect to the spacecraft. It is also used as

a backup to the space sextant for star tracking during alignment
of the I}_U.

Computer

The principal structure of the computer consists of central flip-

flop registers, the majority of which are addressable. The
central registers communicate with one another and with the rest

of the computer via write buses. Gating pulses for reading out

of, and writing into, the central registers are formed in the

control pulse amplifiers. For addressable registers, gating

pulses are dependent, in part, upon memory selection logic.

Memory addressing is effected via registers that are used for

memory bank selection. The oscillator output for the computer

is divided into subharmonics with intermediate frequencies being

used to perform specific computer functions. _ controlled

signal is taken from the computer oscillator output to serve as

a synchronizing signal to the central timing equipment for the

spacecraft.

The sequence generator of the computer directs time pulses, so
that selected instructions will be executed after all counter

requests are fulfilled. Other functions are under the central

processing section, memory operation, parity test and generation,

counter incrementing and wait list, and executive programs.

Program interruption is provided by release-interrupt or inhibit-

interrupt signals.

Computer programs are prepared to interpret pseudo-codes or inter-

pretive instructions. These pseudo-codes include a variety of

double-precision operations and a small number of triple-precision

operations, together with a set of double-precision vector

operations.

The computer functions to supply i_ pick-off information,
accelerometer readouts as increments of velocity, sextant angle

and drive readouts, and information for pilot display. It also

serves as the basic unit for the display of information

communicated to the spacecraft via the up data link. In addition

to the computer function of computing projected trajectories for
comparison with specific trajectories calculated for the normal
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spacecraft flight path, it is the primary source for determining

the precision roll commands necessary to assure survival during
entry maneuvers.

Coupling Display Unit

The coupling display units are servo components that enable the

computer to communicate with the inertial measurement unit, the

optics, and the stabilization and control subsystem. The coupling

display unit is composed of shafts driven by torque motors that
may be controlled through a digital-to-analog converter by the

computer. Incremental encoders mounted on the shafts supply the

computer with information concerning the position of the coupling
display unit shaft relative to IMU gimbal or optical shaft angle

positions. This information is acquired from error signals,

measured as differences in outputs, as determined by coupling
display unit, inertial measurement unit, and optic component

positions.

Power and Servo Assembly

Electrical apparatus for the distribution of power and signal

conditioning within the G&N subsystem is contained in the power

and servo assembly. The ternary current switch provides torquing

signals to the pulse integrating pendulum accelerometers (PIPA)
and to the inertial rate integrating gyros (IRIG), as well as AV

signals to the computer. The d-c differential amplifier accepts

demodulated coupling displayunit (CDU) resolver signals and

feeds them to the torque drive amplifier during the course align

mode. Angular differientating accelerometer signals are also

accepted from the _ and fed into the torque drive amplifier.
The a-c differential amplifier amplifies the coupling display

unit one-time resolver signal for the 800-cycle demodulator. The

interrogator reshapes the output wave of the gyro pick-off analog

output to form an approximate square wave, and it detects the

phase and magnitude of the wave form.

The pulse integrating pendulum calibration module provides a

torquing feedback signal from the pulse torquing electronic

circuits to the pulse integrating pendulum accelerometer. The

gyro calibration module provides a feedback signal from the gyro

pulse torquing electronics to the inertial rate integrating gyro

assembly. The torque drive, gimbal servo amplifier provides
excitation for the inertial measurement unit gimbalmotors. The

motor drive amplifier provides power to the coupling display unit

shaft drive motors. The gimbal course align amplifier provides

alignment signals to the inertial measurement unit gimbal torque
motors in the course align mode. Power supplies include the

800-cps, 28-volts, 1-percent power amplifier, the 800-cps,

• A ,
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28-volts, 5-percent power amplifier, the 25.6-kc 28-volts,

1-percent power supply, and the 3200-cps, 20-volts, square wave,

temperature control power supply. The 28-volts, d-c power serves

to supply power for the temperature controller in the emergency
mode.

Qualification Test

Sc_ mm

Efforts concerning the qualification testing of the guidance and

navigation components, subsystems, and systems are specifically
divided between the associate contractor and S&ID. The test

programs conducted by the associate contractor and S&ID will be
integrated to avoid duplication of effort and to provide maximum

engineering confidence in the success of the Apollo mission.

Reliability Assessment Model

Figure 11.2 depicts the reliability assessment model for the G&NS.
The model illustrates the reliability and functional inter-

relationships among the system components.

Criticality and Hardware Requirements

Table ll.5 designates the criticality class, as defined in

subsection 2.& of SID 62-109-3, for the components of the G&NS.

The location of the components in the spacecraft is indicated by

spacecraft zone numbers as defined in subsection 4.2 of
SID 62-109-3.

Table ll.5. G&NS Parameters for Qualification Testing

Components

IMU

PSA

CDU

D&C

AGC

OPTICS
MDV

NAV BASE

S/C Zone

2

2

2

2

2

2

2

2

Criticality

2
2
2
2
2
2
2
2

Required*
Hardware

*To be determined by associate contractor
i
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Figure ll.2. Guidance and Navigation Reliability Assessment Model
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Figure 11.3 Guidance and Navigation Qualification Test Schedule
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Qualification Test Schedule

Figure ll.3 displays the qualification test schedule for the

G&NS. The qualification test program is negotiated between

MIT and NASA.
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COMMUNICATIONS AND DATA

12.1

12.2
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i2.3.i

Summary

The communications and data subsystem reliability estimates indicate

that the requirements will be met with the minimum use of spare parts

(sparing). Effort to maximize the reliability of the subsystem design

by performing configuration studies in support of the design effort is

continuing. The test plans and procedures of the subcontractor are

being monitored to maximize the value of the qualification tests. The

logic interactions with the other subsystems of the spacecraft and

subsystems of the lunar excursion module are under continuous investi-

gation for possible improvement.

The current mission success reliability predictions analytically deter-

mined for the equipment of the communications and data subsystem are
given in Table 12.1.

Failure - Effects Analysis

The results of a preliminary failure - effects analysis of the communi-

cations and data subsystem for an earth orbital mission at the subassembly

level are given in Tables 12.2 through 12.13.

Reliability Logic Diagram Descriptions

Subassemblies Logic Diagram

Figure 12.1 shows the expanded reliability logic diagram of the equipment

in the communications and data and instrumentation subsystems. This

equipment is used as an alternate mode to the guidance and navigation

and stabilization and control subsystems equipment, which is necessary

for performing a navigational sighting in the deep-space phases of the

LORmission. The communications and data subsystem subassemblies are

shown in solid lines, the instrumentation subsystems subassemblies in
dotted lines.

The equipment of the communications and data subsystem is used to

complement the tracking and ranging function and to supply on-board

capability for voice communications with the earth. Thus, tracking

and ranging information can be relayed from the earth to the space-

craft via voice communications giving a navigational sighting.



O4

o

,,--t

O

o 4n
°r-t .r't

o_

O oft
O mt

ed '_
,'-t O

oft
O m

r-t m

O
-O
m

m

NORTH AMERICAN AVIATION, INC.

SPACE and INFORMATION SYSTEMS DIVISION

o

o

<

_0
0

(b o

L_

+_
0

°r-I
_3

•M .M 0
_d oq

•r4 @ CO

or'l

O
•r'l O
4-_ 12)

O CO

_ •

@

gl
@

gl
<

o

o

o

,d
O

o

o
P_

o _---

gl

o

a
4_

©

o

% %
oJ 0
0 0
O_ C_
O'x O_
C_ O'x

% %
,_ ed
cO b--

OJ

k.O cO

,-I
_ cO

'.D cO

_ A

b--

,--t

O
.r-t
4 n

i
o

o

4n
ul

_3

b-

,--4

Oa

,-t

%<0%%%
..-.-I- cq kO 0 0
,-I cO Oh Lr_ ,----I

%<0%<0%
0 _o 0 0 0
0 C_ O_ 0 LrX
O_ C_ KO oq C_
C_ C_ C_ C_ Ox
O_ O'x O_ O'x O'x

cO oO 0.1
.--.t- --_- 0 C_
b- L_X C_ 0

OJ ,--I cO 0'_

oo
co Oh _o

04 o_ _t d o
oq oq co u_

0 0 O0 b- 0
oq ,--I 0 CO ,--I

_1 ,--I ,-I ,-I

© o ©

o 0 _ 0

•_ _. ._ o

o o _J o o

• r_ ,.-d
_ 0

_ _ _ ,

Volume: A2_- 10

Section: 12

Paae:_ 12.2
..... D_te: ]_0-]_5-63

Rev. Date:

©
.13
¢6

0

O c_ m

• . o_

<0 % ,_
0 0

',..c)
0", 0"_ ¢)

O or't

I "_
._3_
-O

_ b--- 4_

M) b--
,-t ed

,-t O_

oo _o _okO _4

0

0

_ ° _ "_.t % ,--t

"d ,_. .r-I 0 0

' _o_ _d
e

"_ ,
m m

* lIJl_llll li,/I..lll I Irll.,



oJ

o

wo oJ

o +_
O

A _

_ O

o 4-_
•_ or.-t

o

,-t

o
o _

o
r---I .rt

m
o,1 m

©

_ 4_
_ m

m

r_

NORTH AMERICAN AVIATION, INC
SPACE and INFORMATION SYSTEMS DIVISION

k0

.r-I
r--t
,rt

(D
0_

0

(1)

@ o

(1)

m

-r't
_3

@

©
0_

<

(D
40
o
.H
_d
_J

,d
@

o
.H

O

(1)
r/l

r/l

<

,d
@

4-_
£)

.r-t
"d
@

@

O
.r-t
4-_

O

%%%
O O O
r_ _W OJ

b- _" ',.0

%<o%
O O O
b- O O
ko o0 co
Oh Co ko
Oh oh Oh

oJ
0J eJ oJ
r--I r_ k0

b-- b'-

OJ CO
00 oh OJ

rq _1
r-_

0 _ .'---

UI

®
4-_
H

©

©

O

r_)

co
o'3

O
-r--I
-O

O _

',.0

c_

ID

O
.rl
p
.rl

0
O

bD
._1
03

k0
or-)
CO

,-t

-p
(D

r-t

P_

q_Jll_ ¸

Volume: ARM- i0

Section: 12

Page: 12._

0ate: 1_-15-63

Rev. Date:



VOLUME:AIRM-_I0
SECTION: 12

PAGE: 12.4

REV, DATE:

.... -.t .
= o__;._ E _"

_ "= .... _o':t._ }

o o -e_ § u _ m'I °

_.'._ o', _ -_t_ !

u o c ea i:

.t-I
U_

_H

®

C_

@

@
o

o

ed

cd

@

'.L ,_ _" "

.. _, o_ _ , ,.- _

. - o,, o _,,, o_

w

e ,i

_o=

u u

u

=,s
.=

o ;_.

v

u
u
o

3
&
u

¢ • e

u

#5

'-8
.._ o

e

E

o

!Q-;

o uo

_ uo._ o_

._= ,,

.o .t_ o

o _

: :=

-- &
3

>e"_
:5.

>_

t-'g. o

•_. ; -

'_ _o
. _o_
o __ _

i [

o

.. u



NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

VOLUME: Ai_-- i 0

SECTION: 12

PAGE: 12.5

DATE: 10--15--63

REV. DATE_

o
o

CQ

IQ

-4o

O

(D

®

c6

%

-4o

(1)
r..)

0

or-t

i ,ii
g

k
o

ii i! i_

iii"
=
,-'--_[ o

- _

u_ u

_ ._ ._
o_ -o"

_3

E

o



NORTH AMERICAN AVIATION, INC.

SPACE and INFORMATION SYSTEMS DIVISION

VOLUME: A-I_M-- i 0

SECTION: 12

-]_2.6
PAGE:

OAT_ _-0-15-63
REV. DATE:

-o ¢o _

_.-_ ¢°_c i-_c_

m _o u

.H
ul

m
4-_

®

,'-'t
-H
m g

-r-t
®

i ,..
%

4-_
4._

m

_3

cd "_ •

(1)
_1 ,_L •

• _

=_ 2_

o_
J>

!i
ii

<h

E_
o • :" I,,. _ '_

__. . _,_, _-_ _ >o

o.,,, : .... _.'''_ -_ :oE°

o

._ :_ _. _ _: :

9o-_ o

: _

<o>'_

_. c _

>4

m_

o k

,_ "E-
- o ,i

_'o

E

i

h



NORTH AMERICAN AVIATION, INC.
SPACE and I NFORNIATION SYSTE_IS DIVISION

VOLUME: A.RIv[-10
SECTION: "]2

PAGE: "] _" _T

DATE: ]-0--'] 5--_

REV. DATIO

D,

4-)

O
rj

v

TQ

U_

r{
C_

<

_Q
4o
(J
(1)

CH

(I)

-4

03

(I)

.r-I
(i)
C_)
(I)

I

p
p
.r-I

U_

03
h
E-I

tw3

c_

_)

_x

.8

u .

a_

e
- e

E°.. . . E.o.. oEO
•_±'_ ,_. _ 3° "_ _:. _.- 3'._ 2.--

" - -" ;_o"

"19: _ o : _ _ : ..-.

. e

o .: _ o" : :

: ° : : ._ i_ _ -':"

u _ o
_o

u

<_ _.



_, _____/bNORTH AMERICAN AVIATION, INC.

SPACE and INFOR_ATION SYSTEMS DIVISION

IIIIJll_ q¢:,.

VOLUME: AI_--10
SECTION: 12

PAGE: 12.8

DAT_I0-15--63
REV. D_ J_r_"

,_=E_

,o_,

.rl

s ii
%t

go
(D "I

,rt

_3

©

r_

_3

!

o

oi :_"

,-4

>.

.i c
E-;

I 0 o

C_o

. _ _"_'
_ o_ ° mc

o_ ;4

k e 0 " . " --

_ © c.,o

i

u

o _

°

o ,

o

- c
m I 4 _

o

e

o

o=; -_-._ =
._ - m = c o

o=-.; .=. ="

_ I o. u ;

°=i= ii• :_;. ._ _:_ :_ °_0 _'_u ii

• ;-" .J _. ,_

o= o=

: _ : _ _ : _ :

o

a.)"

.i

0
J

.=

o=.

o

o

o ,_



NORTH AMERICAN AVIATION, INC.
SPACE and I NFORM:_TION S'YSTENIS DIVISION

VOLUME: i_[_V[-- l 0

SECTION: 12

PAGE: 12.9

DATE: 10-15-63

REV. DATE:

<

_o

0

ED

U]

[O

b_

<

CO

0

©

q_

©

-r_

CO

0

[Q

_q
I

<9

©

_O

_-_ o _ - :_ _

_! - ;_ _ .

- [ [ [

_z

_w

.... ._,z

-°E; :; °E_, E_.

i':{o" ! :

?

i

o

.4o _o

-: _.

_3(; I

";o" •



// NORTH AMERICAN AVIATION, INC.

SPACE and_ INFORMATION SYSTEMS DIVISION

\_J7 _ ---:,r,nr_iTi:h--_p
bUl_ll IULli i II]L

e_

VOLUME: A-RH-IO

SECTION: ]-2

PAGE: 12. i0

DATE: I0-15-63

REV. DATE:

[Q

- mu

C)

®
_H _ .

® = u

. 1 1 1
"_ ; : ? ? ?

® : _ - -_

o

u) 2

= =

, ;_o

2_

(1)

:i:z

_z

c o o

o= .=

_'- _1 _ _1I

_ ' ¢ o
_U o-

-"2-• J. u . _

>. c .. =

-_ _

o

i

o

4

:a

• e
o. _.

i i

: i

E
°

o

u=

_II_V i | i w_wl ii1|-



NORTH AMERICAN AVIATION, INC.
SPACE and INFOR1%IATION SYSTEMS DIVISION

VOLUME: v ARM-10

SECTION: 12

PAGE: 12. ll

DATE: i0-15-63

REV. DA_I_{

D.

o
o

[Q

.r_
U]

b_

<

CQ

+_
69

(I)

CH
CH

.r_

©

O
_h
[Q

m

!

,-4

I Lu

9=

8 :

8

-5
2_

o
o:-:

o

i"

 "iii,,i o

o _

;EE

3

,i

9

9
=__.,:

. _E ,! ,'- = _ .. ..-:u

.. ,,.° _ .- _ .... :°.._ Z -o_= - -u . ,.J *" u !,,-}

°  iiiiil_:. _ _ - .
_..o. _ _
,i o c.- o . .

._..e. -_'_: 3 3 _

_ __ .,"_.
-.,=

3
k
0

E
o

,,o-" °

,o ,

!
o



/__ NORTH AMERICAN AVIATION, INC.

SPACE and INFORNIATION SYSTEMS DIVISION

VOLUME:

SECTION: "]2

PAGE: "]2.72

DATE: .l_ ]-0--"]5--63

qlllillg_.:_.,_ -..:.........
REV, DATE:

m

..p
v

° ir__) °-_'_

• r-I n

{.O

r_

_ od

®

(1) _

_d

©

_3

_ g

I

r...)

• _o g g
• " " :" i_ °_ °" "

: _ _ :- .

• 1 o

o

o

o.

_ "_ %.;_ ;_ i¸



NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

VOLUME: _V_- i 0

SECTION: 12

PAGE: 12.13

DATE: 10--15--63
m

REV. DATE:

O
O

V

[Q

-p
¢.)
G)

¢H

-r-I

r_

O

r_

I
O

--.d-

®

u _ o

i! "

"7

g

e_Z

: _ _ :

:7:

_u

o._
6 _

. u

o

_E

_o _-



_ NORTH AMERICAN AVIATION, INC.

___ SPACE aBd INFORMATION SYSTEMS DIVISION

9p_

VOLUME: A!_M-IO

SECTION: 12

PAGE: 12.14

DATE: i0-15-63

REV. E_IEI" E ;

5
,7_._ >

-p
cJ

(D

@

o
e

,ct

I

r_

or'l 1.4

@

AcE

_z

_=->.

o_E

,,E-_=
.E%- "o

_°_E
o_ .>-_

_-_o _, ;

: 7.=: ; : :

•

- _ -:_ _. _=.. =_ :

.... :.o

- .- =_. _ =2"

=E
u • .= • i ¢

: _ ".

,=EEu =l E=

• o = eH E_
-_ =-,,. o =.3 o
; el= _ ",oo
o ,t o e_ - >._

_. Eo ._, ,=,= E.=

>.

!

_,-.-_

o

Y_E

aa_

" i
• e

o,

_._ :

E

== o
o= 0=_

_ _ o_
o >_ o

u



NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

VOLUME: ARM-10

SECT,ON: 12

PAGE: 12. 15

DATE: i0-15-63

REV. DATE:

_Q
.H

@
O

(1)

.H

(1)
.H
_-_
-r_
_-_

%
(1)

!

r_

',.D

H

(1)
,-t

c - c

_ _

=

° ii°i
_ E

: °_ :_" ! "o_

o
J

o-_

_3sx

3

_o

c
-o _: ,.: o c _

;- _ _

i!.
E-°
c-

- = o

2_ 5
o

_'2¢ co

_i '_

8

: _ :
3 _ 3

_-_o_
c
o •



NORTH AMERICAN AVIATION, INC.

ATION SYSTEMS DIVISION
i.

VOLUME: ._..L_-- l 0

SECTION: 12

PAGE: 12 .-16

DATE: "] O---LS-- 63

REV. DATE:

w

,E=

;31:_

U)

-p
0

CH

-p

03

©

ii-- w

""_ u#

u

=_

-=

i
k,

k

;E•
o u-

¢

L_

=E
o •

e

E_.o

.=,

=
tLl=

;=

i

E

E_ : :

>.

' = .:E_
o_:

r_EE_E

o

>.



NORTH AMERICAN AVIATION, INC.

SPACE and INFORMATION SYSTEMS DIVISION

VOLUME: -_L_--'} 0

SECTION: 12

PAGE: 12.17

DATE: 10-15-63

REV. DATE-" _Ip_

D.

Q

cH
c_

.r-t
c6

°_

.=

.o

cd ;_

®

" • w

_z

E

u



/ NORTH AMERICAN AVIATION, INC.

ATION SYSTEMS DIVISION Ib

VOLUME: AI:{M- i 0

SECTION: 12

PAGE: 12.18

DATE: 10-15-63

REV. DATE, _

r_

"4
(0

c_

CJ

_H
CH

©

r_
.H

o
cJ

%

o

oo

_)

, _ -'_

l_..l_ll IP I 1 !-- "_

...... J



NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

VOLUM E: -AI_-I0

SECTION** 12

PAGE: 12.19

DATE: i0-15-63

REV, DATF--_

D.

-O
e

0_ _" _ _,._o

u :, o_.._ : ...._°_-
.,_ _x F,,, e.ok k a.

<I) _-

03 "

-_o ._o

O I_ _._

_4
Q)

CO

cJ

,--t

w

ii

.._ __o _-o o,.= _._Ji) " °• _ _._- : :_

i. _ _ :

j. o" j_ .o

i

i

l)
E'c,

i
o

..Io

E

_f

o"
: _E :'.-'_ _ _.
_. o :_o _ - _o- p._.•_, _, ,: .,., _.

.o_ .o_

: • [_: i

.:. _.. _0- j_ i! _

,=

i
E

,o

J

_. o: _:.
..o ; .



ACTAI2N SYSTEMsAVI AT I ODIVISIONN , I N C.

VOLUME: ,_I_-- Z 0

SECTION" _-_ •

PAGE: ,1-2-- _0

DATE'- 10-15-63

ii  ii!iiii iiiii 
.H

_o°°°_ii,oLiil___o:_,__i!i_'

N

d_ i _
r_

!J

!

II,



NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

,q_

VOLUME: AI_-lO

SECTION: 12

PAGE: 12.21

DATE: i0-15-63

_EV. DA_:E"_"_"

i

r_

,-H

c)
0J

¢H

d)

r_
.r-I

(1)

0

.r-I
,d

o

b_
.r-I
cQ

d

r-_

, ec:

=_ _°

k. o-

2_
e

h

• *4

._'__.

_o

_i :: ; "i "i 11 ]i ]i ]i ':

_. o.';

.N

NN

?

o.=
_u

o o

° °

_,._

oo

NN

m,c.

= el.=
o u

_._

i
3 =

uo

N N

mm

k



NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

(',i ('_ II I Ip I i'ik r-.. s _ *

,JUIll lULl1 I inf.--

VOLUME: _LI:_-- l 0 __

SECTION: 12

PAGE: 12.22

DATE: 10--15--63

REV. D_;_'_i,2_

Ii

i ii ,._

-iD

o
ro

G_
.H
r_

-p
O
(1)

cH

,-t
.H

(1)

o
.H
..ID
-H

©
0

,--t
_3

bD

(Yx

cd

o

,.Q

_ _ o

_v

u_

_>-•

=

o

=_

'  li" " "
o_'_ o_'o o a*'_ o na o -e

o_- o:_- ,._': o_._ o:_- o._- =u

.. ._ ._ o_=

_ _o _'-, {40 _o

_ _o :-,, o"
=

_a

O_o_

i_ °

. o

,-I "g,

_E

o o
., _._

"C, :

tl,..--- t_t_ | I J_'l r_l'- i_11-1 A I
l=#'_.l , , , ........



NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

" _a_l r"l r%fflLn_m - " --

VOLUME: ARM-10

SECTION: 12

PAGE: 12.23

OATE" 10-15-63

REV. DATE-"

,__ .-

t)u,_ " _';=

.H
0_

c_

<

r_

o

F_

©

bO

C_

0

rj-J

c_

0

o_
r-_

r-_

E_

k

-o 9._..

4o_:

e

";=

e

=2,."

2_
- e

o ." ,, _:...:..

o

4 U _

0 _ _

-E_ _

_ o

•= _.

e
_ ..,..
o_

o g'._

_8

u

°_'_
o'_,

_.

2

58

_.._

<."

8"-
e

," :o_ o
_- u .-1

;G

=..
o e

o_

i
u

8_

._E'_

_,,o

E

_.ewc I

_'_ 4 cJ k, e

E

o P

:°_

E

oe._

o _

:5_-

u

m_
3 3:

-E

N

° _u

:_

vl

ii:.
_ __ ._,=
• ._ _;,

I

3

_E

8



_ NORTH AMERICAN AVIATION, INC.

. _MATION SYSTEMS DIVISION

VOLUME: ABM-10

SECTION: 12

PAGE: 12.24

DATE: i0-15-63

REV. DATE:

" 2

_ " ='i E h

o

• _'_

-P g° o,,_
C, "- = .°

}°ErH _- o ._,,,
q--I La._

¢)

bD

0

5Q "=

0 u

d :.:
r--I ; •

i! i-: ; -_.: ,._ :_

:o_ ._ -_

*o

?

N N

= o

o

u

._E o ,,,,-o

o_.

i

o



NORTH AMERICAN

oo., 
VOLUME: A._- i 0

SECTION: 12

PAGE: 12.25

DATE: i0--1_--63
REV. DATE:

.
, E .;

-- d.- I u

°' !i:_ u _ k ° a

• ._ _ _

I-Q, _ -

(1)

c_

o

c_ ;_

o

o
.r--i

_3

,-I z_

,-.-t

@
,--I --'

• >-

• c

_,_ _ _ _: _. .._,, _ _ "_

o_

o_
o-

o_

o=
,=

_..o
_o
a, o.

_-, _ _°L
o " " _." .o _ :,,.

_.._ °_

o ._ 3

o_ _.o. o ,.
_-_,. ,eo o _ o

..1

_.., .o _,

o •

e_

o

._ "o

u _.- ,_ .,c:

u

_o" '

o o- o.,_

}u; .,,_

E



NORTH AMERICAN AVIATION, INC.

ATION SYSTEMS DIVISION

VOLUME: AI_-IO

SECTION: 12

PAGE: 12.26

OATE: ,10--15-63

REV. DATE:

_o

o
ED

-r-I
0_

r_
-O

®

©
%

a3

%
O
m
ul
(1)

©

O

a3

©

0)

,--t

cd
,---t

(D
r-t

_ _ o

u,t

_ _ i _ i : o ,

u • . _ • •"° _ =_i "oo; i °- s. -_ -o'_

o=o

° t, ,::._ t

_ u_u

:2me °

,4
N

-o
_o

_.- :_l.tl-lttIL



NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

VOLUME: A_RM-IO

SECTION: 12

PAGE: 12.2 7 ,_

DATE: .... 10-1_- 6 3

REV. DAT E:

e

D.

u . o

J_

o

c_

_ ,m
u. c_

=.'_ [E _.o"
-.P . E.o _u

r.Q =

(1) 9

© ,',

©
-r-I

0

(1)

,--t

•- .o

_z

u
u

" u

_!_

_,. _ _.I-,

l. ull

o_ ._-

:,0

3_

),..E
s_

,.,,,-

-°,"
• i=

,_ _._-'

)
L"

Id •

):..

u o '
u _ U

_ ._ :" ._

._o_!

.E

3_

_1 o

o o

_i_-

>.

u u
x_

E_

:_ u._

..=" o

o u

E
0

.u

!
o

i

_lt_ll_ I I" I I'_ l'- 1L i_-_



NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

I-

VOLUME: /L_-10

SECTION: l_)

PAGE : 12.28

DATE: ___ i0--i_--63_

REV, DATE:

o
o

[Q

u]
b_

<

u]
+)
EJ

q_

m

%
o
rll
m

o
o

©
,H
4_
_3

©

(1)

,-t

d

(1)

, i =. oE

).:_}o . E i_

<_

. ?

;7 o':" :".

_g°. °

2*;

'-_ >.

O_E

o

o

i

o "_ >

v ._ 2

-o

_:"-_
_ ",=_ - E

o: v =;

w ,

_.

i i i _ ,-i
"6

3

_d
_ _._
um ,_

o"

- :::7iC-;;'T'."L



NOF<TH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

VOLUME: A/_4-10

SECTION: 12

PAGE: 12.29 ._

DATE: " 10-15-63

REV, DA T_IE :

..p

o
c_

v

.H

0
GJ

©

%
©
m
r/1
®

©
gt

©

-0

,-4

©

@

._, -T-F: _,

c>" >°_u c>'. o
o.._. ,o _'_ o. © _"

u .'r ,,¢I _., c o"r _

k •

:c:

o_

._&



NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

VOLUME: ARM-10

SECTION: 12

PAGE: 12.30

DATE: i0-i_-63__

REV. DATI-_- :

u]
.H
u]
b_

4-_

(1)

cH

%

,H

(1)

©

(1)

G)

®

_3

(M

(1)

_u

o

w

. u 4

v_

g°

_a

;I

g

a_

_ , _ c

Z o E =
_E - 9=='; ';"

Eo

o
o •

_E
i:._i °
E "; % ,.="_

..a ; 7` a,>=

i*

7,

_-t: =_t, _o .... .,

o >_ -_<_

o _

>" _: 7,

_ c

2t_

1,

9

<o

E
,i

9

<

3

E

I



NORTH AMERICAN AVIATION, INC.

SPACE and INFORMATION SYSTEMS DIVISION

Aft/_ ILU-- I I_ r I_ITI •

ILIll iVbll ii1| II

VOLUME: _V[-- i 0

SECTION: 12

PAGE: Z2. _Z --

DATE: Z0-ZS- 63

REV. DAT_:

o

,.'w

o
(I)

.r-t
_3

g°

O

% .-

@
C)
@

N

@
N

O g

O3
,--t

@

2_

:!

v

: _ _-; .>=

"oZ_

k--

,v .o -r ._

i5:

>.

o _



//_ NORTH AMERICAN AVIATION, INC.

, _--SPACE and INFORMATION SYSTEMS DIVISION

VOLUME: A.._- ]..0

SECTION: -_L2

PAGE: 12.32

DATE: 10-15-63

REV, DA'T_E :

D.

.p

o
E.)

v

c_ _"

G) u_.

®

0

(1) '_

°_
(1)

%

gl

a3

_ ",_

Od
,-t

cd

,-t

_z

e >

:_ ._. _, i _- _i_ _- _.

-a o-
._ .- .T=_ :"

o

,_._o__ _;_
o

-.., :Z . ,,, =

• o._._ >_ .
.._'_ : .. .._ ._ _,

• ii _1

.4

a

0

_o

e

E_



NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

VOLUME: A_M-10

SECTION: "]2

PAGE: 12.33

DATE: i0-15-63

REV, DAT_"

-p

O

-H

-p
O

@

q_

@

.H
O3

(I)

,-I

©

_)

°H

m

c6

OJ

cd

®

_ o--"

o >.o _-_< o >-o _-o<

_o3._

_ o _

v

_a

2



NORTH AMERICAN AVIATION, INC.

SPACE and INFORMATION SYSTEMS DIVISION

/=_le gr--iwJ-J'i I'1"I A I

_,_I.JLI1 I I# li.i--

VOLUM E:

SECTION:

PAGE:

DATE:

REV. DA "l_E :

A_4-10

12

12.34

10-15-63

r_T

o _

v _M _

r/l
.rt

u

m
.0

(1) -

(1.) u_.

_3 g_

o_1
(1)
o
(1)

%

•r-I _

e3

Oa

d
,-4

(1)

• , c

" 2

: ;3 !

5;

_., _ 3_

"6_:; z.

; e, r-

:_-_.._
-_ _!_- _...= r, ;

~ .

m_

.-5_. 2 7

7,

C

_-- ;=>

_ o 7,

o

<



NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

_r

VOLUME: A_M- I 0

SECTION: I 2

PAGE: 12.35 _

DATE: 10--'1 5- 6 3

REV, DA T I_1_.

0.

o
E_)

v

,rl
U]

_H

¢Q

¢H
%

.r-I

®

.H
(i)
0

(1)

m

oJ

cd

(1)

a3
E-t

o- 2

, ..... >

2_

_k

_" o ;

°&'s

z

2
o



NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

VOLUME:

SECTION: ]-2

PAGE: "12. 3_

DATE: i0-15-63

REV. DATE:

o
E.)

v

-H

<

O
0J
CH
q_

_J

_3

©
N
%
©

oH
G)

%
(D

.r-I
@

m

_3
%

Od

d
r-t

@

_° _

°" i

w

;_ LE

v#.

5o
a

=

?,z

-"_ _.,, =;_

o ¢

o
,.I:E

u

i

.3

L3.o_ &_=

>.

_9

n ._;;

o "_ e _1o • "

m-.. >._ i c

J= E.:..:- _.> _2= E

_c =E

-_ _-_

o i "

2E

k

E
¢

• =

J¢

v_
u= o

i

.E

/_tt"--I I" .......



NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

_/'_|11"11"_,1--11"l'l r ---

i..-v_._il II./I=11 1 IrlL

VOLUME: AI_-IO

SECTION: 12

PAGE: ]-2. _r_ ,..

DATE: -I 0--]_5-- _ _

REV. D)_4PIE.b

w

-_ i_ ¸-

-p

o
r..)

V

-rl

-p
O
(D
q_
q_

CO

(D

(I)
>
.r-I
(i)
O
(D

(I)

"r'l

O
0]

Od

,"_4 <

_u

- u

u I

g.

g

_._ ;=

o _ o "o o

, c_

!_

2

( *

:-_

"6e-<-- _

m_ m_ m

_7

= =

:i

u

m

E ;_

4



NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

VOLUME: A_RM-IO

SECTION: 12

PAGE: 12.38

DATE: i0-15-63

REV. DATE:

.p

o _

m

.r-I

m

4 _
o _

%

®

% ,.-
@

or'l

C)

®

%

e _

rJl

_3

,--4

• _

_z

_ i _ _- v

_-_:

_ o._

-= g.',_
.T:"

o

,_
,_ -r 7,

>-- i ©

i_._ _- -

v

• 7.

c

o

N

o

_i.. ¸ _1_



NORTH AMERICAN AVIATION, INC.

SPACE and INFORMATION SYSTEMS DIVISION

VOLUME: A-_-IO

SECTION: I 2

PAGE: 12.39

DATE: 10-15-63

REV. DATE. _

<

-p

o
o

V

_Q
.H

.q

t_
-p
O
GJ

,H

©

©
N

_)

-H

®

.H
©
O
r_

_3

Od

H

®

_C2

;.; ,., <

,.;G$ _.a : _o: ° _ ..

8- >.

o

8

_.8

_ m

_-

b i "o ;,; -
¢ J= _ >. >-
o ira_ _.o

*re >._.¢

"_ o?

o_o,,__-o o

=o I

--c i

o

_ o _ _ _a _ "1"

>.

_- _- _ _._
_E _E _ _'E =_'_,,

o. .;_ Y.

J=

3

.o

o

";o
mE

"o

o



NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

VOLUME: -_--i 0

SECTION: J_2

PAGE: 12.40

DATE: "1 0--'] _- _ 3

REV. DATE:

w

..p

o
L_

v

.r'l
rJ_

,-I
c_

q-_

q_

(1)

,-I

0

::E:

(L)

_>
.H
Q

0

®

-H

oJ

,-t

_4

o

_ <

_;i¢ii

iJ

_ o_s.

IL

-Lw M

_ WQ

i

E
(

=

u_

w

.... _<

._ o -o o

..T.-o _

o

%

_E
o

6

,-1 •

¢

J

E
<

E

m

AA.Ir I .......



NORTH AMERICAN AVIATION, INC.

SPACE and INFORMATION SYSTEMS DIVISION

_l|r-lr_AF--i I-rl i •

_,#_.#aWl ILJL-II l'iI'll-;

VOLUME: A_RM-IO

SECTION: "I 2

PAGE:_

DATE: 10-15-63

REV. DAT_% _

u

o
o

.H
u)

<

@
o
®
¢H
¢H

©

.H

®

-H
®

%

.H
O

r/l

_3

(Xl

c_
,-4

®
r-t

_,_ ._,

-i.

E o.>

E

i .o c

°i_Z-:

_ . _:_>_- : .: = _=

e_

g

N

--.@

3

'_ o

-o
_o

u



NORTH AMERICAN AVIATION, INC.

SPACE and INFORMATION SYSTEMS DIVISION

__ ._.:.'._'..". _ ;.'."T.' an

VOLUME: _-10Q___

SECTnON: 12

PAGE: 12.14-2

DATE: i0-15-63

REV. DATE:

w

-; , ) = >_.

3 _ ":-

_.i_-_ :- _=

_?._ _.i_ _!i_
_,_ .... o c c _ _

ce-

: .ei-_

: _ _

9

,,u

E

=E'-_o ."_

6=



NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

VOLUME: ARM-10

SECTION." 12

PAGE: 12.43

DATE: 10-15-63

REV. DAT_:

D.

O
O

V

.rl

c_

_Q
-p
O
©

c_
cH

(b

.H

_ •

.....

.-=o _ t:

.E"_ .-._

E.: -" _ m:)

.I

L _ k

_°_.
• _- >

.H

O
(L)

,LI

.H
®
O

_3

Od

cd

,.,,

- •

t,:
2

'C5

_2

2_

2<

,;E



/f_ NORTH AMERICAN AVIATION, INC.

ATION SYSTEMS DIVISION

VOLUME: ARM-IO

SECTION: 12

PAGE: 12.44

DATE: i0-15-63

REV. DATE: _

mw _
imo

ul

,-t
a3

4-_
o

o3

4-_

®

c_

cd

©

o

-= _'6

.__.o .o=

Jz_;2 o

e

o_

.J._

Oo

8

" 7,E

_"E. _ _.

_z

o"

:_o _

o o_ _ _,

_ o _. o o _ _

T ;=',,

.... :'_7 g

- _ , ,! -o"

o

o o ,=

0 o

7 ° " " 8):

p,

• cE_': ""_

o -E_o_ ; E

i



NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

VOLUME: ./h]_-- I 0

SECTION: 12

PAGE: 12.45

DATE: 10--15--63

REV. DATE:

O

rJ

v

0)

.r-I
0)

<

[Q

40

t)

(b

g-_

(D

.el

h
-4o
(1)

®

(','5

r_

o;

ii ill
_;_ ._ ...Eo

o

-= < :._

ii i!
el

m

_o o c

-o ,i ,i a.-o . _

.=,_ $'.

IJl_ .=

;i

a_

:i

_ o

o
6 °= =

Oo _-_

._;_

_.._ _o

E_ =o

-- ¢

_L_
e.

o _ _

o=

i

0 o

z_= i
°

o o _.

_. I, u



UP VOICE

DISCRIMINATOR

DEEP SPACE VOICE

TRANSMISSION

RELAYS

VOICE

COMMUNICATIONS

CONTROLS

UNIFIED

S-BAND

EQUIPMENT (A)

UNIFIED

S-BAND

EQUIPMENT (B)

UNIFIED S-BAND

EQUIPMENT

CONTROLS

AUDIO CENTER

CONTROL

UNIT

AUDIO CENTER

CONTROL

UNIT B

AUDIO CENTER

CONTROL

UNIT C I

* THESE



F _ u m m I m m m m mum 4millm_ I

I AUO,O AUD,O I
J CENTER CENTER

I RECEIVERA TRANSMITTERA I
I ' I

m m m m m

F I m_l, m m

I
J AUDIO

CENTER

J RECEIVER B

I
L __

AUDIO

CENTER

RECEIVER C

m _ u m _ _ J

----I

AUDIO J I
CENTER

TRANSMITTER B _J j

, i B m a

AUDIO

CENTER

TRANSMITTER C

j AUDIO CENTER I

CONTROL

J UNIT A

EMERGENCY

COMMUNICATIONS

KEY

AUDIO CENTER

CONTROL

UNIT B

TEMS ARE PART OF THE INSTRUMENTATION SUBSYSTEM.

I

I

]
I

I[
I

NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

W
I
I
L

2KMC

HIGH GAIN

ANTENNA

VOLUME: ARM-IO

SECT,ON: 12

PAGE: 12.46, 4 T

DATE: i0-15-63

REV. DATE:

POWER

SUPPLY

(A)

TRAVELING

WAVE TUBE

(A)

S-BAND POWER

AMPLIFIER

CONTROLS

COMMUNICATIONS

F R u m,_ I

I VHF2KMCI
OMNI

I ANTENNA I
/_______j

F ,m,_R mq_ EXTERNALL #, OSC'L TOR, , SUPPL ,
L J

.

___1
I
L

I I

R ! m_q

I POWERL
CRYSTALL --I S_PPL¥OSC,L_TORI I

--.- ---J L .._. _ _ _..i

I. I

f" -I r, 1
I _-_ L__ I _'_ L_

HIGH _AIN

-I C,RCU,TI I ANTENNAI
I --J L_______

I I
--i OR-GATESr--
L I

I* ---I F -------I
-I. _A_ L-- --I VHF_

CIRCUIT OMNI I--

I I I ANTENNA I
I ..J I-___

_t _) OuT _2_

Figure 12.1 Communications and Data Subsystem Subassemblies Logic Diagram



NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

Volume: ARM- i0

Section: 12

Page: 12.48

Date:_ i0-15-63

Rev. Date:

12.3.1

12.3.2

Subassemblies Logic Diagr_n (cont)

The voice capability is supplied by the unified S-band equipment (USB)

and associated components. Voice transmission is accomplished in the

following manner: The audio voice signal is amplified by audio center

equipment amplifiers in conjunction with the audio control centers.

There is an audio center for each crew member. The proper mode of

transmission is selected by means of switching relays (PDVR) located

in the premodulation processor and associated controls (PDVC).

The voice signal is then modulated and amplified by the unified S-band

equipment (either the primary unified S-band transponder or its standby,

and the associated controls). The output is fed to either the 2KMC high-

gain antenna (HGA) or the 2_KMC omni portion of the VHF/2KMC omni antenna

(DSC) in conjunction with the S-band power amplifier, which comprises

a traveling-wave tube and its alternate, a power supply, and associated

controls. The S-band power amplifier is necessary to allow the 2_EMC

omni antenna to radiate satisfactorily at lunar distances.

The audio link of the transmission function may also be accomplished

by the emergency communications key (KEY) and a portion of the central

timing equipment in conjunction with the HGA or the DSC. The central

timing equipment subassemblies supply the carrier for the KEY. Voice

reception is obtained in the same manner with the following exceptions:

(i) the audio receiving amplifiers are utilized, (2) the S-band power

amplifier is not necessary for reception utilizing the DSC, and (3)

the up-voice discriminator is used instead of the PDVR and PDVC.

The tracking and ranging aid is supplied by a portion of the S-band

equipment in conjunction with either antenna.

Component Logic Diagrams

The reliability logic diagrams for each component of the communications

and data subsystem are given in Figures 12.2 through 12.29. Where

possible, the diagrams have been constructed on the "spareable" sub-

assembly level.

Subassemblies which are not spareable have been denoted by enclosure

of double solid lines. Any group of subassemblies that must be spared
as a unit has been denoted by an enclosure of dotted lines. When

portions of a module appear in different components each portion is

denoted by enclosure by dotted lines with a reference letter at the

upper left hand corner.
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Figure 12.19 Premodulation Processor Network (pMMN)
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12.4

12.4.1

12.4.2

Qualification Testing

Qualification tests on the communications and data subsystem conform

to the general requirements of MIL-R-27542 and include the following:

i. Calibration tests

2. Environmental tests

3. Electromagnetic interference

4. Susceptibility tests

5. Mission simulation-life tests

The number of test systems is predicated on the requirement to assess

compliance with the procurement specification both in the normal and

off-limit modes of operation. The number of qualification test samples

of the communications and data subsystem components is based on the

criticality index, limited life requirements, and service life

considerations.

Reliability Assessment Models

Figure 12.30 depicts the reliability assessment model for the telemetry

of the communications and data subsystem. Figure 12.31 depicts the re-

liability assessment model for the communications and data subsystem

during the near-earth phase of the mission. Figure 12.32 depicts the

reliability assessment model for the communications and data subsystem

during the deep-space phase of the mission. Figure 12.33 depicts the

reliability assessment model for the communications and data subsystem

during recovery.

Criticality and Hardware Requirements

Table 12.14 exhibits the system parameters for qualification testing and

designates the criticality class, as defined in subsection 2.4 of SID

62-109-3 for the components of the subsystems listed. The table

enumerates the hardware requirements for a minimum qualification pro-

gram as established in subsection 2.5 of SID 62-109-3. The distribution

of the hardware through the subsystem qualification test phases, as

described in subsection 2.3 of SID 62-109-3, is shown. The location of

the components in the spacecraft is indicated by spacecraft zone numbers

as defined in subsection 4.2 of SID 62-109-3.
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Table 12.14 Communications and Data Subsystem Parameters for Qualification Testing

Component

Audio center

equipment

transmitter

transmitter-

receiver

C-Band

transponder

Spacecraft
Zone

2

2

Criticality

3

2

2

Required

Hardware

4

DSIF transponder 2 2 7

DSIFpower 2 2 7

amplifier

2 3 5

3

2

3

3

VEF recovery

beacon

HI? transceiver 2

Premodulation 2

processor

Signal 2

conditioners

Data storage 2

Communication 2

control panel

Audio control 2

panel

PCM telemetry 2

6

6

Qualification Test

Phase Distribution

A-I A-2 B

2 2 I

3 2 2

3 2 3

2 2 2

3 2 3

3 2 3

3 2 i

3 2 i

3 2 3

2 2 2

2 2 2

3 2 2

3 2 2

3 2 i

Source

(Reissued 6/30/63)

SID 62-i09-3

Pg. 5-64

V_/lll ll/bll'-l'_ /
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12.4.3 Qualification Test Schedule

Figures 12.34 and 12.35 display the qualification test schedules for

the subsystems of the communications and data system and define the

test utilization of the hardware enumerated in Table 12.14. The

specific test levels to be applied in qualification testing are found

in the tables of environmental test criteria in subsection 4.2 of SID

62-109-3 and are a function of the zone location of the equipment

in the spacecraft. The zone numbers of the communications and data

subsystems and components are given in Table 12.14.

_l l-I Ill I ,I I ,_ _ I I -. ,_.._.,] .
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SECTION 13.0

INSTRUMENTATION SUBSYSTEM

13 .I

13.2

13.3

13.3.1

Introduction

Table 13.1 summarizes in tabulated form the reliability

analysis of the components constituting the instrumentation

subsystem. Discussions of the reliability studies conducted

to date will be found under the respective component name

headings that follow. The latter part of Section 13.0 outlines

the qualification test program for the instrumentation sub-

system. The Apollo reliability program criteria and techniques

and the related ground qualification test plans are discussed
in Section 1.O of this manual.

Central Timing Equipment

The redundancy techniques illustrated in Figure 13.1, CTE logic

diagram, indicate that the apportioned reliability of 0.9999995

can be achieved. Weight and power requirements can be met

through the use of integrated circuits. However, sufficient
information to substantiate indicated failure rates may be
difficult to obtain. Information in this area is under

investigation.

In-Fli_ht Test System

The present systemincorporates 225 individual comparator

circuits, allowing that number of measurements to be made. It
diagnoses indicated failure to a one - to three-module level.

Test points are presently being defined and will be influenced

by criticality, accessibility, and maintainability.

Configuration Analysis

The manual test set and its associated test panel have been

deleted, with an associated decrease in diagnostic capability.

The present configuration, however, may allow use of the system

voltmeter at other than the 225 hardwired test points. A

single measurement by the system must not have a probability

of failure greater than .00012. This figure is based on high-

reliability parts and an assumed duty cycle of approximately

10 percent (_0 hours). Table 13.2 lists the components of the

in-flight test system and provides apportioned mission success

values and the related time of component operation. Since the

IFTS is a precision analog system, redundancy on a parts level

is impractical and all the parts in one channel are in series
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13.3.1

13.3 •2

13.3.3

Configuration Analysis (Continued)

in the reliability model used. No firm design is available,

since the vendor has not yet been approved, but on the basis

of the proposals received and our own design efforts, estimates
have been made of the types and numbers of parts which will be

used in the major subassemblies of the system. These estimates,
combined with the applicable duty cycles and derating factors,

yield the proposed reliabilities of 0.99988 per channel and

0.99977 for the voltmeter which are presented in Table 13.2.

In order to obtain the 0.99988 for each channel it was necessary

to provide a redundant power supply - reference assembly, but
not spare comparators.

Reliability ramifications of the present in-flight test system

configuration are being investigated. Among the considerations

are spares determination for over-all reliability, equipment

availability, adjustment capabilities, crew availability, and
abort causing failures (nonmaintainable).

Comparator & Voltmeter Redundancy

A typical voltmeter was analyzed giving a resultant reliability

of .99977. The assumption was made that the voltmeter is a

functional back-up to any comparator measurement. This allows

effective comparator and voltmeter redundancy which results in

an achievable reliability exceeding significantly the pre-

viously mentioned reliability for a single measurement. The

limiting factor to complete redundancy is the unreliability of

the self-test feature since there is a finite probability that

failure of a comparator will not be discovered through self-
test.

These facts were evaluated in consideration of the Apollo

requirements and objectives and the resulting numerics were _.
found to be consistent with same. Therefore, it was determined

that this preliminary assessment would serve as a realistically

achievable reliability apportionment for the IFTS.

Single Sensor & Comparator

In the event of a malfunction indication, the single sensor,

illustrated in Figure 13.2 provides a voltage pick-off point

to the in-flight test system comparator circuitry which com-

pares the input signal with the reference signal provided by

the reference supply. The comparison determines if a signal

out-of-tolerance exists. If it does exist, the comparator

generates an out-of-tolerance signal. This signal actuates an
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SENSOR

indicator light advising the crew of the condition. Each com-

parator has an inhibit gate that blocks or passes an out-of-

tolerance signal if the malfunction is determined to be not

critical.

COMPARATOR SWITCHINGAND RESET _]

._[ REFERENCE AND

POWER SUPPLY

REFERENCE ANDPOWER SUPPLY

Figure 13.2 Single Sensor and Comparator In-Flight Test

System Block Diagram

13.3.4

The IFTS also provides switching and reset circuitry that can

transfer any selected analog input or conditioned stimulus

signal to the voltmeter for a readout and to the t_lemet_ T

system for GOSS confirmation. It also can transfer the IFTS

stimulus signal into the spacecraft electronic systems to check

out systems not actually in use at the time.

The reference and power supply provides the necessary power for

the IFTS.

Equipment Availability

Equations have been developed, including the effect of the

astronauts' ability to perform in-flight maintenance on the

probabilities of mission success and crew safety. These

equations were provided for use in setting the design require-

ments for the in-flight test system. The basic equation for

equipment availability is given as

E = I - (e-#t) " (1 - e-AT )
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13.3.5

where

E = Equipment availability

# = 1/4 = t_intenance action rate

Mean time to repair - total maintenance-action time in hours
number of maintenance actions

Failure rate

T = t4Assion time

t = _intenance time-constraint

The availability is defined as the probability that a stated

percent of the equipment will perform satisfactorily for the

time T, with no down time interval exceeding the maintenance

time constraint. Thus, equipment availability is a function of

reliability and maintainability. Based upon this basic equation,

analyses may be performed for evaluation of mission availability,
requirements for scheduled maintenance, redundancy factors, and

requirements for spares.

Reliabilit 7 Apportionment - IFTS

A logical apportionment of reliability for the IFTS would result

from a simple equation based on the overall reliability require-

ment for the Apollo as specified by the NASA. This equation
would be of the form:

RA= RI + QIRIFPsPRPn

INnne re •

RA = NASA specified reliability for Apollo

RI = Inherent design reliability of Apollo

QI = Inherent design unreliability of Apollo

RIF= Reliability of the IFTS

PS = Probability that a spare is provided for any failure
that affects mission success

PR = Reliability of all sub-spares

Pn = Product of other probabilities; e.g., repair can be
effected within a time constraint, etc.
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Many of these factors are unknown and the solution for RIF is

impossible. Therefore, an alternate approach must be taken to
establish a reliability requirement commensurate with the mission

success and crew safety reliabilities imposed by the NASA. A

typical IFTS design was generated to be consistent _th the

objectives of in-flight maintenance. This design was broken

down to the part level and the inherent reliability was

assessed assuming high reliability (Minuteman type) parts were
used throughout. A single measurement channel (with associated

power and stimuli supplies and switching) of .99988 reliability

resulted. This numeric was utilized in an analysis of the

overall spacecraft electronics systems and found to be compatible

with the Apollo objectives and requirements. It therefore

serves as an apportioned reliability requirement for an IFTS

single channel measurement.

Television System

The Apollo television camera has been designated nonessential

to mission success or crew safety. However, since periodic

monitoring of the crew throughout the flight could have ramifi-

cations in these reliability areas, a reliability requirement

of 0.999 has been imposed on this equipment for a minimum of

_0 flight operating hours. The selected supplier of the camera

has predicted a reliability closely approximating this require-

ment. Several nonstandard components must be evaluated and the

design finalized before the actual reliability can be assessed.

Since the establishment of the reliability requirement, the

design has been changed to include oscillator and clock circuits.

This timing was previously provided by the Central Timing

Equipment. At NASA direction the change was made to allow the

camera to be transferred to the LEM. Other design requirements

were changed to allow lunar surface operation of the camera.

,Apollo Antennas

Recovery Antenna Equipment

Inputs have been made to the procurement specification for this

equipment to ensure contractual obligation of the successful
bidder. The inputs include reliability design requirements of

0.999999 for 72-hours minimum operation, environmental

conditions for design and packaging, and general quality assur-

ance provisions.

2-KMC High-Gain Antenna

Technical proposals for this equipment from five bidding

companies have been evaluated. Each predicted reliabilities in
excess of the requirement of 0.9999 for fourteen days of

- C,J,.:.":3,?.;J;AL"
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operation. However, none gave sufficient detailed information

to substantiate these claims, and these deficiencies were

noted as part of an internally distributed evaluation report.
The efforts of the successful bidder will be closely monitored

for conformance to the reliability requirement. Preliminary

evaluations indicated that the design requirement can be

achieved when the back-up hand-held antenna is utilized in the

logic diagram of the equipment.

Radiation Detection Equipment

Sufficient information has been obtained to allow a preliminary

apportionment of the radiation detection equipment. The

present configuration involves basically two pieces of equip-
ment: the radio detector and the proton detector. Available

information indicates that one solar flare is expected during

a maximum 1A-day lunar mission. Therefore, the probability of
a solar flare occurring must be considered 1OO percent for a

worst-case condition. The radio detector gives approximately
30-seconds warning of a proton shower from a solar flare. With

the reaction control subsystem, the crew orients the spacecraft

for maximum protection by mass obstruction. Initial proton

encounter is detected by four proton detectors, allowing the

crew to determine exact angle of collision and, therefore,

optimum orientation of the spacecraft. Both types of detector
required throughout the foregoing maneuver must be considered

essential to crew safety in the event of a solar flare.

Assuming equal complexity of the two types of equipment,

apportioned reliabilities have been established at 0.99981 for

the radio equipment and 0.99981 for each of the four proton
detectors.

EntrvMonitor Display

The function and present operational concept of the _4D have

been analyzed utilizing the reliability logic diagram for

reent_¢. The _ is used to monitor reentry trajectory by
displa3_ng g loading as a function of velocity. It thus

provides the astronaut with the information to determine whether

the automatic reentry mode is functioning properly, permitting

him to guide the command module manually to avoid skip-out or

burn-up, if the automatic mode malfunctions. The required
reliability of the _D has been established based on the

predicted reliabilities of the G&N and SCS equipment involved

in the re-entry phase. The preliminary prediction of .999905

exceeds the requirement of .99981.
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Failure Effects Anal_is

The results of a preliminary failure effects analysis of the

instrumentation subsystem at the equipment level are given in

Table 13.3.

In-Fli_ht Testing and }_intenance

A set of reliability logic diagrams related to in-flight

testing and maintenance functions for continuity of operation

requirements has been constructed for the respective phases of

the LOR mission. These diagrams are shown in Figure 13.3.

They will be utilized in the overall reliability assessment of

the spacecraft. It should be noted that the IFTS is considered

in a worst case condition, i.e., some display is required to

determine that a failure has occurred. In many cases the

astronauts would not require this failure indication prior to
IFTS utilization.

Qualification Tests

Television Equipment and Central Timin_ Equipment

Qualification tests on the television equipment and CTE conform

to the general requirements of MIL-E-5272 and include the

following:

1. Calibration tests

2. Environmental tests

3. Electromagnetic interference

A. Susceptibility tests

5. Mission simulation-life tests

The number of test systems in predicated on the requirement to

assess compliance with the procurement specification both in

the normal and off-limit modes of operation. The number of

qualification test samples of the television equipment and the

CTE is based on the criticality index limited life requirements,

service life considerations, and multiple use of test articles.

Antenna Systems

The antenna ground qualification test plan has been designed to
accomplish three objectives. First, to test to the maximum

^/_ I I I" I Ipli I-- li I T l il l

1,,,/li.J I I l e _ iii_ 15



NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

VOLUME:

SECTION; "t 5

PAGE: g-3" 13

DATE: 10--'_. 5-- 63

REV. DATE:

.,'I

I--I

o

i.,-i

•,'4 _)

_4
,"4

E-I

ou_

• _ o

3
m _

"'_ _._

n

•_ : o

e

"_ o

a_!_

2-
NE'_2

;__ ._

<

o o._

O_o

0_

,,,-4 m

.= g._
; _ E4.:"

m

°

_i._ •

_._ _ -= __ _g:_

uO_o o

u e

m

u

m o,_

_o'_

_ o_

e_o_ _g

0 Oz z

m

<

2

o o _,_

o o _

._ ,_ .. o_

_._u"o d_ _

_o

-_._ _._ _ ® ¢_ _._



NORTH AMERICAN AVIATION, INC.

ATION SYSTEMS DIVISION

VOLUME: ARM-10

_E_,o_- 13
PAGE: 13.14

DATE: 10--15--63

REV. DATE: "

o
L)

<

oJ

oJ

.-I (1)

L_

o'3

M

.Q

L

m _
n

_ _oo

on,

o o
Z Z

m _.z

i.

m

o
o_

_o

o

E
E
o
u

z
z

6_

,E

,_o=._o._
_,._ ._.

O _ "_

___ . .:

;,_ ; _

_J

i., o u

_;_
o_ _)._

_o_

• ,iJ
m 0 _

._o=_

.o ,_.= = ..

._

u

oEo

_ _ o

_ -_ •

S

_.'IJ

t_ _ "_



NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEI%iS DIVISION

P
9

VOLUME:

SECTION: "l_

PAGE: ]-3" -I 5

OATE: i0-15-63

REV. DATE:

>-

!zl

Z

:!<
Oz

uZ
_E wm.--
_Z

i

o_._1

-- i

D

t' m 0

_ , _EZ

• • cl.

_.. , _
(.J m Z 0
:i m

.

8

I

LI

r-_-i

_|

Z_|

i

I

O I

i o i

i

__r-I
2

mZ
O_

_m
Z_

O_<1

)1

5'-

)
i-

p-

i
Z

........ .1

5=

mm

I

Z

"i

w

I =

z_

L
O_
uZ

_U

_1

:z--

U(

-T

ui
O:

D *
(

Z i

=_7
O_ i

u_

JZ

!

-r--

)_.

O

z_

z'
u

8
Z
w

..2L_.
<

z_ I
DD

O

I

O_w

< 0

0o
:_,_ I

i w
ou I

Z '_ I

o_

m

O0 I

-T--

_Z

m,.I

0

U

o

o

o

f 4



(_ NORTH AMERICAN AVIATION, INC.

SPACE and INFORMATION SYSTEt_IS DIVISION

VOLUM E: AP&{-10

SECTION: 13

PAGE: 13-16 ,-

OAT_: /10-15-63

REV, DATE:

13.10.3

13.11

13. ii. 1

levels of the mission environments; second, to test beyond

design limits to determine the design margins in critical

mission environments; and third, to conduct environmental test-

ing in accordance with the mission sequence. If the antenna

systems perform successfully after the subjection to the mission

profile, first and third objectives, they are then considered

qualified for use in flight qualification tests.

Controls and Displays

The controls and displays (C&D) system will be tested at three

levels of assembly: part, subpanel, and complete control panel.

The parts qualification program will consist of a complete
environmental and stress testing program. Those parts which are

standardized in several subpanel usage applications will be

defined as criticality one parts, in order to achieve maximum
test data from a smaller total sample size of each standardized

part. This philosophy applies to parts such as meters, switches,
wire, and connectors used in C&D subpanels of varying

criticalities. Nonstandard parts will be qualified according to

their particular criticality requirements.

At the subpanel level, the qualification program will include

acceptance type tests, operational and wiring checkouts, some
off-limit tests, and a modified Phase B or Mission Simulation-

Life level test program.

A complete control panel will be assembled and tested through

the dynamic and operational test phases. A combined vacuum

and temperature operating test will be run also on the control

panel. At the conclusion of all other testing, an off-limit

shock test will be performed.

The supplier will qualify parts; S&IDwill qualify the subpanels

assembled in house and the complete control panel.

Reliability Assessment Model

Television Equipment and Central Timing Equi'pment

The reliability assessment model for the television equipment
will be submitted with the next quarterly revision of the

Apollo General Test Plan. Figure 13.1 depicts the reliability
assessment model for the CTE. The models will aid in

establishing test continuity and in programming the collection

of data for the assessment of reliability of this equipment

by illustrating the reliability and functional interrelation-

ships of the system components.

/_t_ill=ir%l-il-l-i i •

--V_JI !1 liar I--I, I II IL.
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Antenna Systems

Figure 13._ depicts the reliability assessment model for the

recovery antenna system. Figure 13.5 depicts the reliability

assessment model for the high-gain antenna system. The models

will aid in establishing test continuity and in programming the

collection of data for the assessment of reliability of the

antenna systems by illustrating the reliability and functional

interrelationships of each system's components.

In-Flight Test System

Figure 13.6 depicts the reliability assessment model for the

IFTS only. The individual system subpanels are a part of that

system model and are used as such. The IFTS model will aid in

establishing test continuity and in programming the collection

of data for the assessment of reliability by illustrating the

functional and reliability interrelationships of the system

components.

Criticality and Hardware Requirements

The tables under this paragraph designate the criticality class,
as defined in subsection 2._ of SID 62-109-3, for the components

of the subsystems listed. The table enumerates the hardware

requirements for a minimum qualification program as established
in subsection 2.5 of SID 62-109-3. The distribution of the

hardware through the subsystem qualification test phases, as
described in subsection 2.3 (SID 62-109-3), is shown. The

location of the components in the spacecraft is indicated by
spacecraft zone numbers as defined in subsection _.2

(SID 62-109-3).

Television Equipment and Central Timing Equipment

Table 13.A exhibits the system parameters for qualification

testing for the television equipment and CTE.

Antenna Systems

Table 13.5 exhibits the system parameters for qualification

testing of the antenna systems.

Controls and Displays

Table 13.6 exhibits the system parameters for qualification

testing of the controls and displays equipment.
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Figure 13.& Recovery Antenna Assessment Model
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Figure 13.5 High Gain Antenna Assessment Model
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Figure 13.6 IFTS Reliability Assessment Model
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Table 13.4 TV & CTE System Parameters for Qualification Testing

Component

TV equip.

CTE

S/C Zone Criticality

3

2

Required
Hardware

Qualification Test

Phase Distribution

A-1

2

2

A-2 B

1

3

Table 13.5 Antenna Systems Parameters for Qualification Testing

Comp on ent

HF recovery
ant enna

VHF recovery
antenna

VHF backup

recovery antenna

High-gain
ant enna

C-Band antenna

S/C Zone

1

3

Criticality

1

2

1 2

Required
Hardware

3

Qualification Test
Phase Distribution

A-1

2

2

2

2

A-2 B

1

1

1

1

1

m_
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Table 13.6 C&D Parameters for Qualification Testing

Component

Barometric pressure indicator

Event time indicator

Integrated display

Abort indicator

Gimbal angle indicator

SCS control panel

Rendezvous display panel

AV control panel

Entry monitor display unit

Master caution indicator group

Computer control and indicator

GMT time indicator

SPS management panel

RCS management panel

SCS power control panel

S/M thermal profile indicator

Audio control panel

IFTS scan select panel

Booster situation indicator

ECS (liquid) system management

panel

Warning indicator group

Mechanical clock

Electrical power distribution

control panel

Electrical power (AC) system

management panel

Electrical power (DC) system

management panel

Fuel cell system management

panel

Communications control panel

Antenna control panel

Abort sequencer indicator and

controls

Earth landing sequencer indicator

and controls

Mission sequencer indicator and

controls

Snorkel deployment control

Lighting controls

Radiation dosimeter display

Cables

Harness installation, L. E, B.

Harness installation, C&D

In-flight test system

S/C Zone

2

2

2

2

2

2

Z

Z

2

Z

2

Z

2

Z

2

Z

2

Z

Z

Z

Criticality

Required

Hardware

4

4

5

5

5

7

4

5

5

5

5

4

5

5

7

4

6

4

5

5

Test Phase Distribution

A-I

2

Z

2

2

2

2

2

2

Z

2

Z

2

2

Z

3

Z

3

2

2

2

3

Z

Z

Z

2

3

2

3

3

3

2

2

3

3

3

Z

A-Z B

3 3

3 3

3 3

3 3

3 3

3 4

3 3

3 3

3 3

3 3

3 3

3 3

3 3

3 3

3 4

3 3

3 Z

3 3

3 3

3 3

3 4

3 3

3 3

3 3

3 3

3 3

3 d

3 3

3 4

3 4

3 4

3 4

3

3

3 3

3 3

3 3
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Qualification Test Schedule

The figures described in this paragraph display the qualification
test schedules for the instrumentation system and define the test
utilization of the hardware enumerated in the tables of sub-

section 13.12. The specific test levels to be applied in
qualification testing are found in the tables of environmental

test criteria in subsection 4.2 of SID 62-109-3 and are a

function of the zone location of the equipment in the spacecraft.

The zone numbers of the instrumentation sybsystems and

components are given in the tables associated with the test
schedules described.

Television Equipment and Central Timing Equipment

Figure 13.7 displays the qualification test schedule for the

television equipment. Figure 13.8 displays the qualification

test schedule for the central timing equipment. Table 13.4 lists

the associated system parameters.

Antenna Systems

Figure 13.9 displays the qualification test schedule for the HF

recovery antenna.

Figure 13.10 displays the qualification test schedule for the

VHF recover_£ antenna.

Figure 13.11 displays the qualification test schedule for the

VHF recovery (back-up) antennas.

Figure 13.12 displays the qualification test schedule for the

2KMC high-gain antenna.

Figure 13.13 displays the qualification test schedule for the

C-band beacom antenna and incorporates the antenna window
qualification.

Table 13.5 lists the associated system parameters for these
test schedules.

Controls and Displays

Figure 13.14 displays the qualification test schedule for the
C&D and defines the test utilization of the hardware enumerated

in Table 13.6.
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SECTION 14.0

L#{UNCH ESCAPE Sb_SYSTEM

14.i Introduction

14.2

14.3

The launch escape system (LES) is intended for use during the lift-

off and boost phases to effect separation of the command module from

the spacecraft should an abort condition occur. Provision is made to

separate the LES from the command module after successful completion

of the launch and boost phases of the mission. The system consists

of five major subsystems:

i. Launch escape motor, which provides thrust necessary to

effect separation of command module from. the spacecraft.

2. Pitch control motor, which provides side thrust to establish

command module trajectory.

3. Tower jettison motor, which provides thrust to separate
tower from cor_and module.

4. Tower structure, which serves as the base for system motors.

5. Tower separation mechanism, which is the mechanism interface
between tower and covnand module.

Anal-sis

The Launch Escape Subsystem predicted and apportioned reliability

values are shown in Table 1i.1.

Logic diagrams and mathematical models are presented for the normal
and abort modes of operation (Figmtres 14.1 and 14.2). Subsystem

logic, which forms the basis for the logic block diagram formulation

and mathematical model derivation, is based on the results of the

failure effects analyses in Table 14.5.

Launch Escape Motor

Table I/+.2 indicates the predicted and apportioned reliability levels

for the launch escape motor.
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NORMAL MISSION MATH MODEL

PSUCCESS = IF1 P2 +P1 (1 - P2) + P2 (1 - P1) ] P3P4P5

WHERE

PI = PROBABILITY OF SUCCESS OF TOWER JETTISON MOTOR

2 (1-= PEBW +2 PEBW EBW ] [PPYROGENIGNITER] [PPROPELLANT]

[PLINER] [PcAsE] [PNozZLE] 2

P2 = PROBABILITY OF SUCCESS OF LAUNCH ESCAPE MOTOR

= [P_Bw +2 PEBW(I- PEBW) ] [PPYROGENIGNITER] [PPROPELLANT]

[PLINER] [PcAsE] [PNozZLE] 4

P3 = PTOWER STRUCTURE

P4 = 2 2 + 2 [PEBw PCUTTER - PEBWPEBW PCUTTER (1 PCUTTER ) ]

P5 = [P4OLT+4P_OLT (1- PBOLT']

Figure lA. i Normal Mission Tower Jettison Reliability Logic Diagram
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Figure IA.2 Launch Abort and Tower Jettison Reliability Logic Diagram
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Table i_.2 Launch Escape Motor Apportioned and
Predicted Failures Per 10 6 Motors

Component

Exploding bridge wire (2)*

Pyrogen igniter

Propellant

Liner

Case

Nozzle (_)

Total motor

Failures/lO 6 Motors

Apportioned

lO00

5OO

5OO

i00

i00

8OO

20OO

Predicted

1(300

20OO

1500

950

950

1600

7ooo

*Not included in total motor

Table i_.3 Pitch Control Motor Apoortioned and
Predicted Failures Per _106 Motors

Component

Exploding bridge wire (2)*

Failure/lO 6 Motors

Apportioned

lOOO

Predicted

lOO0

Pyrogen igniter

Propellant

Liner

Case

Nozzle

Total Motor

2O

5&O

120

120

20O

I000

3O

_60

8O

8O

150

8OO

*Not included in total motor
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Pitch Control Motor

The pitch control motor provides side thrust to establish command

module trajectory. Table I_.3 indicates the apportioned and pre-

dicted reliability values for the pitch control motor.

Tower Jettison Motor

The tower Jettison motor provides the thrust to separate the tower
structure from the command module. Apportioned and predicted

reliability levels for motor components are indicated in Table IA.A.

Table IA.A Tower Jettison Motor Apportioned
and Predicted Failures

Failures/iO 6 Motors

Component

Exploding bridge wire (2)*

Pyrogen igniters

Case

Insulation

Propellant

Fixed Nozzles (2)

Total Motor

Apportioned

lO00

3

1

1

1

&3

50

Predicted

lO00

25

lO

i0

lO

1AS

2OO

*Not included in total motor

IA.6

Reliability plans provide for analysis of data accumulated from test

firings of motors. The results of these analyses will furnish infor-

mation as to (1) reliability goals attained, and (2) establishment of

new reliability criteria if required.

Tower Separation Mechanics

The present configuration for separating the tower from the command

module consists of four explosive bolts with a removable cartridge

on each bolt. Each cartridge is comprised of dual hot-wire initiators

and a main charge. The hot-wire initiator has an electrical connect-

er, bridgewire, primary explosive, and secondary explosive. The

cartridge can be removed and checked away from the command module.

- z;;.;;,L
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14.?

14.8

14.8.1

14.8.2

The predicted system reliability for successful operation of all four

bolts is 0.999996, which exceeds the apportioned reliability of

0.999995.

The predicted reliability is based on the assumption that all four

bolts must operate. During a normal tower Jettison the launch escape
motor could be utilized to break a failed bolt, but this would

constitute an abort, since the ablative material surrounding the
failed bolt would likely be crushed as the bolt is broken because of

a combination of axial and bending loads. Since a failed bolt would

constitute an abort, utilizing the launch escape motor to break a

failed bolt would improve crew safety but would not affect mission

success. For an abort which occurs before normal tower Jettison the

the launch escape motor could not be utilized since the motor would
have burned out before tower jettison.

Failure Effects Analysis

Table 14.5 presents results of the failure effects analysis of the

launch escape subsystem components.

This analysis provides a basis for formulating mathematical logic and

is compatible with previously defined subsystem logic.

Qualification Tests

Qualification testing of launch escape, tower Jettison and pitch

control motors will be accomplished on representative production

samples of units and associated components to determine compliance
with functional and performance specification requirements. The

number of test motors is based on the requirements deemed necessary to

to assess compliance with the specification. The test program will

subject the equipment to a series of environments as anticipated in

Servic e.

Test-Oriented Reliability Logic Diagram

Figure 1_.3 depicts the test oriented logic diagram for the LES. The

logic diagram will aid in establishing test continuity and in program-

ing the collection of data for the assessment of reliability by

illustrating the interrelationship of system components.

Criticality and Hardware Requirements

Table 14.6 designates the criticality class, as defined in subsection
2.4 of SID 62-109-3 for the LES rocket motors. The table enumerates

the hardware requirements for an optimum qualification program as
established in subsection 2.5 of SID 63-109-3.

,rI.L,, ,'t_L
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Table 14.6 LES Rocket Motor Criticality and

Hardware Requirements

Component

Tower Jettison motor

Launch escape motor

Pitch control motor

Criticality

2

2

3

Number of Units

Required

28

28

3O

NOTE: Additional pitch control motors are required for acceler-
ation tests. See Table 14.8.

14.8.3

14.8.3.1

14.8.3.2

14.8.3.3

qualification Test Schedule

Tower Jettison Motor

Figure 14.4 displays the qualification test schedule for the LES

tower Jettison motor. Table 14.7 programs the test articles enumer-
ated in Table 14.6 in accordance with the test schedule. Since the

test utilization of the launch escape motor hardware is similar to

that of the tower Jettison motor, Table 14.7 is also applicable to
the launch escape motor.

Launch Escape Motor

Figure 14.5 displays the qualification test schedule for the LES

Motor. The schedule defines the test utilization of the hardware

enumerated in Table 14.6 in accordance with the test program of
Table 14.7.

Pitch Control Motor

Figure 14.6 displays the qualification test schedule for the LES

Pitch Control Motor. The schedule defines the test utilization of

the hardware enumerated in Table 14.6 in accordance with the test

program of Table 14.8.
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Table 14.7 Program for Test -Articles, Tower Jettison and

Launch Escape Motors

Statistical Firing

High Temperature

Normal Temperature

Low Temperature

Sequential Treatment

Temperature Cycle

Vibration

High Temperature

Low Temperature

Drop

High Temperature

Normal

Temperature

Low Temperature

Accelerated Age

Altitude Firing

High Temperature

Normal Temperature

Low Temperature

Temperature Gradient

High to Low

Low to High

Test Oroup and Number of Motors

I II III IV V VI VII V III IX X XI

(3) (3) (3) (2) (2) (2) (1) (1) (6) (2) (3)

Z 1

Z 1 1

Z 1

1 Z 2 2 1 1 6 1

2

2

2

2

1 1 1 1 1

1 1

1 1 1 1 1

I

2

i
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Table 14.8

Statistical firing

High temperature

Normal temperature

Low temperature

Sequential temperature

Temperature cycle

Vibration

High temperature

Low temperature

Drop

High temperature

Normal temperature

Low temperature

Acceleration

High temperature

Low temperature

Accelerated age

Altitude firing

High temperature

Normal temperature

Low temperature

Temperature gradient

High to low

Low to high

Program for Test Articles, Pitch Control Motor

Test Group and Number of Motors

I II III IV V VI VII VIII IX X XI XII

(3) (3)(3)(Z) (1)(Z) (i) (1) (6) (Z) (3) (3)

1

2 1 1

2 1

1 2 1 2 1 1 1 1

Z

2

2

1

1 1 1 1 1

1 1 2

1 1 1 1 1

2

1


